Sawene Baro cecil ewe yeh ig 
een me oe er 


EX. BIBL. 
INST. ANIMAL 


PHYSIOLOGY 

i a / 

Saad N/ 

Cl fon FOOCA 
“ ROD AG ene 


Bee 


PRACTICAL PHYSIOLOGY 


Digitized by the Internet Archive 
in 2023 with funding from 
Kahle/Austin Foundation 


https://archive.org/details/owb_KO-917-204 


PRACTICAL PHYSIOLOGY 


BM 


DT) Re rel BES RG had B 
MDs, DESG., ses itcoe 
Regius Professor of Physiology, University of Glasgow. 


DeeNORI PATON 
M.D... FeRes: 
Formerly Regius Professor of Physiology, University of Glasgow. 


M. S. PEMBREY 
M.A., M.D., F.R.S. 
Professor of Physiology, Guy’s Hospital, University of London. 


THIRD EDITION 


Part I. EXPERIMENTAL PHYSIOLOGY 
Part II, PHYSIOLOGICAL HISTOLOGY 
Part III. CHEMICAL PHYSIOLOGY 


LONDON 
EDWARD ARNOLD & CO. —_— 


. 192 fl 
9290 / 
[All rights reserved] 


Made and Printed in Great Britain by Butler & Tanner Ltd., Frome and London 


PREFACE TO THE THIRD EDITION 


The first edition of the present book was published in 1922, and 
it then consisted of two parts, but in 1925, on the appearance of 
a second edition, a course on Physiological Histology was added. 
The third edition continues this arrangement, which is as follows : 
Part I, Experimental Physiology, Elementary Course by D. Noél 
Paton, Advanced Course by M. 8. Pembrey ; Part II, Physiological 
Histology by D. Noél Paton and M. 8. Pembrey; and Part III, 
Chemical Physiology by E. P. Cathcart. Owing to the death of 
Professor Noé] Paton the revision of this edition has been carried 
out by E. P. Cathcart and M.S. Pembrey. Space has been found 
for additional matter by compression and deletion of certain sec- 
tions in the old edition, so that the size of the book has not been 
increased. 

The authors wish to thank Messrs. J. T. Irving, W. R. Spurrell 
and E. C. Warner (of Guy’s Hospital), and G. M. Wishart and 
R. C. Garry (of Glasgow University), for their valuable suggestions 
and criticisms based upon their experience as Demonstrators of 
Physiology. 


September, 1929. 


PREFACE TO THE SECOND EDITION 


In this edition the courses on Experimental Physiology and 
Chemical Physiology have been revised and extended. The most 
important change is the addition of a course on Physiological 
Histology by D. Noél Paton and M. 8. Pembrey; this was pub- 
lished in 1924 as a supplement to the previous edition of Practical 
Physiology and has been revised for the present issue. The 
reasons for this addition will be given by quoting the preface to 
the supplement. - 

_“ Histology or minute anatomy can be studied from several points 
of view, from the narrow standpoint of structure alone, or structure 
in its wider aspects in relation to development and function. 

“Tn this country histology has been studied and taught in close 
association with physiology to the great advantage of both subjects, 
but in recent years owing to the enormous increase in the sphere of 
physiology there has been less and less time available for microscopic 
work by both the teacher and the student of physiology. Hence 
has arisen a tendency to transfer the teaching of histology to the 
anatomist or embryologist. This change, however, will not alter 
the fact that the microscope is one of the means whereby the 
function of an organism or of its parts may be investigated by the 
physiologist. 

“Tn this course of Physiological Histology an attempt has been 
made to develop the physiological side, so that the student, having 
acquired a sound practical knowledge of the structure of the various 
tissues, may pass on to a further study of structure in relation to 
function. 

“ Figures and diagrams have been omitted because one object of 
the course is to train the student’s powers of independent observa- 
tion ; with a diagram available he is too apt to see in the specimen 
only what is represented in the diagram. The student should make 
drawings of all the specimens, for thereby he will see details which 
otherwise might have escaped observation.” 
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PREPAGE LO °THE-FIRST EDITION 


The Institutes of Medicine, the older and better name for 
Physiology, are the basis of Medicine; the investigation of the 
abnormal subject must be founded upon the study of the healthy 
organism. The importance of practical physiology is undoubted, 
but there is considerable difference of opinion as to the nature 
and scope of the experimental work which is most suitable for a 
medical student. Nevertheless, it is becoming more clearly recog- 
nised that the practical work should have a direct relation to 
medicine and, as far as possible, the experiments should be performed 
upon man. 

In the present book the authors have given a further extension 
to practical physiology along these lines. They have built largely 
upon the foundations of the Practical Physiology by A. P. Beddard, 
J. S. Edkins, M. Flack, Leonard Hill, J. J. R. Macleod and M. S. 
Pembrey. The third edition of that book was exhausted some 
years ago, and most of the contributors are no longer engaged 
in the teaching of physiology to medical students. The present 
authors wish to thank them heartily for their kind permission to 
make full use of their contributions. 

The volume is divided into two parts: Part I, Experimental 
Physiology, Elementary Course by D. Noél Paton, Advanced 
Course by M. 8S. Pembrey ; and Part II, Chemical Physiology by 
E. P. Catheart. The special chapter upon the “ Investigation of 
the Motor Functions of the Alimentary Canal by Means of the 
X-Rays,” which appeared in the third edition of Practical 
Physiology, has been revised by its author, Dr. Hurst; for this 
valuable contribution hearty thanks are given. 

Figures have been borrowed from The Essentials of Human 
Physiology, by D. Noél Paton, and from The Physiological Action of 
Drugs, by M. 8. Pembrey and C. D. F. Phillips. For the loan of 
blocks the authors are indebted to Messrs. Baird and Tatlock, 
Hatton Garden, E.C., Messrs. William Green and Son, Edinburgh, 
and Messrs. Henry Frowde and Hodder and Stoughton, London. 

The drawings of crystals were executed by Mr. W. R. M. Turtle 
for the first edition of Practical Physiology. The sources of other 
diagrams and tracings, which have been borrowed, are indicated 
in the description of the figures. The initials of the author, who 
took the record of the original tracings, are appended to the 
respective curves. 

vii 


CONTENTS 


PART I. EXPERIMENTAL PHYSIOLOGY 


ELEMENTARY COURSE. By D. NOEL PATON 


INTRODUCTION 


LESSON if 


” II 
a III. 
ibve 
” We 
Lesson VI. 
ay VALE 
Ap VIII 
Pe 1D, 
Me Exes 
AS xs 
Lesson XII. 
na Xo 


PAGE 
3 
Section I. Tue Specrat SENSES. : 5 
Sensations connected with the Skin—Touch— 
Pain—Temperature . ; 6 
Taste—Smell—Hearing—Voice—Proprioceptive 
Mechanisms (Muscle-Joint som eis « 
rinthine Mechanism) 9 
Vision—Structure of Eye—Vision with one ee 13 
Field of Vision—Vision with two Eyes . 22 
Modified Visual Perceptions—Time taken in 
Visual Perception : : 26 
Section II. NERVE AND MUSCLE 5 29 
Influence of Brain on Muscles—Influence of 
Spinal Cord on Muscles—Stimulation of 
Nerve ‘ : : 29 
Action of Nerves on Skeletal Muscle 32 
Stimulation of Nerve and Muscle in Man— 
Passage of an Impulse along a Nerve— 
Museular Contraction A ; 35 
Course of Muscular Contraction 38 
Influence of various factors Ss Muscular 
Contraction : P 44 
Effect of successive smal on tee baw pierre 
tion of Human Muscle—Contraction of Cardiac 
and Visceral Muscle . 48 
Section III. CrrouLATION 54. 
Heart—Structure—Cardiae Impulse 54 
Circulation in the Blood-vessels—Pulse and 
56 


Blood Pressure 
ix 


CONTENTS 


Lesson XIV. Cardiac Cycle—Influence of the Sinus . 


99 


XV. Nervous Control of Heart—Effect of Drugs . 


Srotion IV. RESPIRATION 


Lesson XVI. Ventilation of the Lungs 


Section V. MiIscELLANEOUS 


Lesson XVII. Digestion—Temperature 


Appenpix—Electrical Apparatus used in Practical Physiology . 


CHAPTER 


I. 


DVL. 


ADVANCED COURSE. By M. 8. PEMBREY 


Section I. THE SprcraL SENSES 
Miiller’s Law of the Specific Energy of Nerves 


Srection Il. NeErvE anp MuscLEe 
Properties of Nerve : : 
Conditions which affect Mane Contraction . 


Strength of Stimulus as affecting the Excitation of 
Nerve and the Contraction of Voluntary Muscle 


Extensibility and Elasticity of Muscle 

Load and After-Load 

Summation of Stimuli : 

Effect of Distilled Water and of Veuee Salts on Tare 


Fatigue of Voluntary Movement and of a Muscle- 
Nerve Preparation with its Circulation Intact . 


Rate of Transmission of a Nervous Impulse 
Polarisation of Electrodes and Unpolarisable Electrodes 
Transmission of a Nervous Impulse in both Directions 


Relation between Muscle and NC 
Excitability of Muscle 


Electromotive Properties of Muscle a Nerve 
Galvanometer and Capillary Electrometer 
Effect of Constant Current upon Muscle and Nerve 


PAGE 
69 
64 


70 
70 


73 
73 


74 


100 
102 


105 
111 
111 
113 


114 
114 
iLL 
120 


CHAPTER 


XVII. 


XXX. 


XXX, 
XXXII. 
XXXITI. 
XXXIV. 
XXXYV. 


XXXVI. 


XXXVII. 


XXXVITI. 
XXXIX, 


XL. 


CONTENTS 


Effect of Constant Current cu ferns and 
Conductivity of Nerve 


Question of Fatigue in a Stimulated Nerve 


Section III. Rezsprration 
Respiration . 
Intra-thoracic Pressure 
Ventilation of the Lungs 
Chemistry of Respiration P : ; 
Determination of the Respiratory See in Man 
Respiration Apparatus 
Gases of the Blood 
Oxygen Capacity of Blood 
Influence of Carbon Monoxide 
Regulation of Respiration 
Cheyne-Stokes Respiration 


Section IV. CrecuLatTion 


Examination of the Pulse as a Test of Physica 
Efficiency in Man ; 


The Rhythm of the Heart-beat in the oe 
Action of Drugs upon the Frog’s Heart 

Perfusion of the Ventricle of the Frog’s Heart 
Vaso-motor System of the Frog—Lymph Hearts . 
Circulation of the Blood—Blood Pressure, etc. 


Section V. AnimaL Heat 
Production and Loss of Heat 


Section VI.  CEentTRAL Nervous SysTEM 


Postural Tone—Vaso-motor Changes—Reflexes— 
Anesthesia , : 


Functions of Central Neon System . 


Functions of the Anterior and Posterior Roots of 
the Spinal Cord 


Section VII. ALIMENTARY SYSTEM 


Investigation of the Motor Functions 
Alimentary Canal by means of the X- Rete 
Arthur F. Hurst 


of the 
By 


InpEX TO Part I 


xi 
PAGE 


121 
125 


128 
128 
130 
131 
134 
137 
139 
140 
142 
144 
145 
147 


149 


149 
150 
154 
158 
159 
162 


171 
Wf 


174 


174 
175 


178 


180 


180 


397 


xii 


CONTENTS 


PART II. PHYSIOLOGICAL HISTOLOGY 
By D. NOEL PATON and M. S. PEMBREY 


PAGE 


INTRODUCTION 
CHAPTER 


I 


18 


Tit 


IV 


Vil 


WABTE 


EXAMINATION OF LivinG CELLS AND TissuEs. Blood— 
Hemolysis—Ameeboid Movements of Colourless Cor- 
puscles—Ciliated Epithelium—Spermatozoa 


PREPARATION OF PERMANENT SPECIMENS. Fixation—Heat 
—Chemical Fixatives—Hardening or Dehydration— 
Clearing—Embedding—Mounting : 


STAINING AND MuIcRO-cHEMICAL ANALYSIS. Ordinary 
Stains—Micro-chemical Reactions—Hlastin—Collagen 
— Mucin — Fat — Glycogen — Iron — Hemoglobin — 
Routine Method for Preparation of Permanent Specimens 


THE CELL. Structure—Storage of Material—Movement 
—Reproduction—Formation of Tissues—Degeneration 
and Death 


THE ORGANISM AS THE PHYSIOLOGICAL UNIT 


THE ConTINuITY OF LirE. REPRODUCTION. Germ Cells— 
Fertilisation—Ovary—Testis—Secondary Sexual Organs 
—Penis—Prostate Gland—Fallopian Tubes and Uterus 
—Organs for the Nutrition of the Foetus and Suckling 
—Placenta—Umbilical Cord—Mammary Gland 


DIFFERENTIATION OF STRUCTURE AND DIVISION OF 
Lazsour. Fibrous Tissue—Cartilage—Cellular, Hyaline, 
Costal, White Fibro-cartilage, Yellow Fibro-cartilage— 
Bone—Muscle—Skeletal Muscle—Development—Struc- 
ture—Red and White Muscle of “the Rabbit—Cardiac 
Muscle—Involuntary or Visceral Muscle. : : 


THE NUTRITION OF THE ORGANISM—DiIGESTION. Digestion 
in the Mouth—Teeth—Tongue—Salivary Glands— 
Swallowing—Tonsil—(sophagus—Digestion in the 
Stomach—Digestion in the Intestines—Small Intes- 
tine—Absorption of Fat—Contents of the small In- 
testine—Pancreas—Liver—Large Intestine—Appen- 
dix—Colon : : : ; : : : 

THE TRANSPORT OF MATERIAL TO AND FROM THE TISSUES. 
THr BLoop aNp CrrcuLatTion. The Blood—Struc- 
ture—Differential Count of Leucocytes—Estimation 
of the Hemoglobin of the Blood.—Hamoglobinometer 
—The Number of Corpuscles in the Blood—Hemacy- 
tometer—Colour Index—The Specific Gravity of the 
Blood—The Relative Volumes of Corpuscles and 
Plasma—Hematocrite—The Coagulation of the Blood 
—Coagulation Time—Formation of Fibrin—Develop- 
ment of Red Corpuscles—Red Marrow—White Cor- 


191 


193 


194 


197 


201 


203 


207 


209 


CONTENTS xiii 


CHAPTER PAGE 
puscles—Lymphatic Glands—Hemolymph Glands— 
Fate of the Red Corpuscles—Spleen—Liver—Heart 
—Structure—Auriculo-ventricular Bundle—The Liv- 
ing Heart in action—Blood Vessels—Circulation of the 
Blood . ‘ : : ; : ‘ ; eels 


IX THE SUPPLY OF OXYGEN AND THE ELIMINATION OF CARBON 
DioxipE. Respiration. Nose and Pharynx—Tra- 
chea—Lung . : : : : : : . 220 


X THE REMOVAL OF WasTE PrRopucts. Excretion. Kid- 
ney—Ureter—Bladder—Urethra—Skin—Sweat Glands 
—Sebaceous Glands—Meibomian Gland . ; 221 


XI THe ReEcuniaTIoN oF Meraporism. THE ENDOCRINE 
System. Gonads, Ovary and _ Testis—Thyroid— 
Parathyroid—Pituitary—Suprarenal Bodies—Thymus 222 


XIIT THe Protective CoveRING oF THE Bopy. Epidermis— 
Hair—Nail : ‘ : : : : ; . 223 


XIII THe Bopy in RELATION TO ITs ENVIRONMENT AND THE 
Co-ORDINATION OF ITS SEVERAL Parts. THE NEURO- 
Muscutar Systems. Development of the Neuron— 
Neuroblasts—The Anterior Cornual Cells of the Spinal 
Cord—The Motor or Effector Neuron—Nissl’s Gran- 
ules or Spindles—Dendritic Processes of the Neuron 
— The Axon Process of the Neuron—Medullated Nerve 
Fibres—Non-medullated Nerve Fibres—Degeneration 
of Nerve—The Ingoing Path—The Receptors of the 
Nervous System — Sight — Smell — Taste — Touch — 
Hearing—Proprioceptive Receptors—Muscle Spindles— 
Semi-circular Canals—The Ingoing Tracts—The Con- 
ducting Tracts in the Spinal Cord—The Neurons of the 
Cerebrum—The Neurons of the Cerebellum—The Out- 
going Path—The Effectors of the Nervous Tiles 
Nerve endings in Skeletal Muscles . : . 224 


InpDeEx To Part II : ; é P ; : : . 402 


PART III. CHEMICAL PHYSIOLOGY 
By E. P. CATHCART 
ELEMENTARY COURSE 


PAGE 
INTRODUCTION kK : , : A h : ‘ . 233 
OHAPTER 
I. Preliminary Examination. 2 : : : . 234 
II. The Proteins . ; . : ; : : . 236 


III. The Proteins (continued) . ‘ : : : . 242 


Xiv. 


CHAPTER 


XXI. 
XXII. 
XXII. 
XXIV. 
XXV. 


CONTENTS 


Carbohydrates : 

Carbohydrates (continued) 

Carbohydrates (continued) 

Fats : P : : ; : 

Digestion in the Mouth and Stomach 

Digestion in the Intestine 

The Bile—Bacterial Digestion . 

Blood : : : : : : 2 

The Spectroscopic Examination of Hemoglobin and its 
Derivatives 

Urine : 

Urine (continued) 

Urine (continued) 

Urine (continued) 

Pathological Urine . 


ADVANCED AND QUANTITATIVE METHODS 


Quantitative Examination of Urine . 
Fats 

The Feces 

Digestive Secretions 

Blood 

Muscle and Tissues 

Foodstuffs and Metabolism 
Hydrogen Ion Concentration 


APpPpENDIx—Analytical Tables 


INDEx To Part IIT 


323 
342 
345 
349 
356 
364 
371 
389 


392 


406 


WEIGHTS AND MEASURES 


The unit of the Metric System is the Metre, which represents one ten-millionth 
part of a quarter of the meridian of the earth. The multiples and subdivisions 
are obtained by the use of decimals ; the former being designated by Greek prefixes, 


the latter by Latin prefixes. 


Metric or Decimal. 
1 Metre (M.) , 
1 Decimetre (dm.) 
1 Centimetre (cm.) , 
1 Millimetre (mm.) ; 


1 Micromillimetre (mkm.) 


1 Myriametre (Mm.) 
1 Kilometre (Km.) 
1 Hectometre (Hm.) 
1 Dekametre (Dm.) 
1 Metre (M.) ; 

l inch 

1 foot 

1 yard 

1 mile 


Metric or Decimal. 
1 Kilogramme (Kgm.) . 
1 Gramme (Gm.). ? 
1 Decigramme (dgm.) 


1 Centigramme (cgm.) . 
1 Milligramme (mgm.) . 


LENGTH. 


WEIGHT. 


English. 
39-3701 inches. 
3-9370 * 
0-3937 
0:0393 
0-000039 _,, 


6-2137 miles. 

0-6214 =, 
109-361 yards. 
32-8084 feet. 
39-3701 inches. 


2-539 centimetres. 
3-047 decimetres. 
0-91 metre. 

1-60 kilometre. 


” 
” 


ee 


Houed di 


English. 

2-2046 pounds, 
16-4323 grains. 

1-5432 

; 0:1543 

> 0:0154 


” 


uuu a 


” 


The unit is the Gramme which represents the weight of a cubic centimetre of 


water at 4° C. 


AvorRDUPOIs WHIGHT. 


APOTHECARIES WEIGHT. 
437-5 grains (gr.) = 1 ounce. 16 drachms = 1 ounce (0z.). 
16 ounces (3) = | pound (Ib.) 16 oz. = 1 pound (Ib.). 
28 lbs. = 1 quarter (qr.). 
» / 60 grains = 1 drachm (3). 4 quarters = 1 hundredweight (cwt.). 
(20 grains = 1 scruple (9). 20 ewt. oS 
i = : mm 1 stone = 14 pounds. 
param el aaa 1 pound = 453-592 grammes. 
* Not official. 1 ounce = 28:35 grammes. 
CAPACITY. 
Metric or Decimal. English. 


1 Dekalitre (D1.) 
l Litre (L.) . . 
1 Decilitre (dl.) 2 


1 Cubic centimetre (c.c.) ) 


or 
1 Millilitre (ml.) 


) 


xXV 


Hot i 


2-1998 Imperial gallons. 
35-196 Imperial fluid ounces. 
3:5196 


” ” 


0-0352 


” ” 


xvi WEIGHTS AND MEASURES 


CAPACITY. 
60 minims (TM) . = 1 fluid drachm (3). 
8 fluid drachms = 1 fluid ounce (3). 
20 fluid ounces = 1 pint (O). 
8 pints = 1 gallon (C). 
1 cubic centimetre . = 16-9 minims. : 
1 fluid ounce . = 28-42 cubic centimetres. 
1 pint = 568-34 cubic centimetres. 
1 gallon = 4-54 litres. . 
1 cubic inch = 16-387 cubic centimetres. 
1 cubic foot = 28-317 litres. 
THERMOMETERS. 


FAHRENHEIT AND CENTIGRADE SCALES. 


To convert degrees F. into degrees C., deduct 32, multiply by 5, and divide by 9. 
To convert degrees C. into degrees F., multiply by . divide by os and add 32 
F Cc | 


212° 100-0° 80° 26-7° 
112 44-4 | 70 21-1 
106 41-1 | 60 15- 
104 40°0 50 10-0 
102 38-9 | 41 5-0 
101 38-3 32 0-0 
100 37:8 | 23 = 5-0) 

99 37-2 | 14 ~ 10-0 

98 36-7 5 ~ 15-0 

97 36-1 | 

VARIOUS. 


1 kilogrammetre 
1 foot pound . . : 
1 large or kilo-calorie (18°) 


7-236 foot pounds. 

0-1382 kilogrammetre, 

426-6 kilogrammetres. 

3087 foot pounds. 

4562-4 kilogrammetres per minute. 


7” ? 
1 horse-power. 


Hu dv do 


1 ys : 5 é a 33,000 foot pounds per minute. 
1 gramme Oxygen at 0° and 760 mm. pressure = 0-699 litres. 
1 DH Carbon dioxide x; A aS = 0-508 A 
1 is Water vapour 5 ¥) A5 = 1-244 Pe 
1 litre Oxygen As = * = 1-429 grammes. 
1 ,, Carbon dioxide Ps A . = 1°965 os 
1 ,, Nitrogen ‘. A = 1-264 as 
1 ,, Air a a5 a = 1-292 “f 
1 ,, Hydrogen a »» . = 0-900 5 
1 ,, Water vapour y » > = 0-8132 ee 


1 gramme Protein 966-3 cubic centimetres 
of oxygen intakeand 773-9 cubic centimetres of carbon 
dioxide output. 


1 » Fat 2019:3 33 » 9 1427-3 » » 

1 » Starch 828-8 54 os S) 828-8 7 =) 
1 gramme urinary Nitrogen . = 26-51 Calories. 

= 5-91 litres (8-45 grammes) 


of oxygen. 
= 4-765 litres (9:35 grammes) 
of carbon dioxide. 


AVERAGE WEIGHTS AND HEIGHTS. 


Average weight of a healthy male child at birth . - = 6-8 Ibs, 
” ” » six months old . = 12-4 ,, 
” ” ” twelve ” 5 = 18-8 


29 
A healthy adult man (dressed), 5 feet 8 inches in height, weighs about 11 st., and 
has a chest circumference of about 38 inches. 
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INTRODUCTION 


(To be read before starting practical work.) 


Before starting work the student should get a clear idea of the 
objects of the Course. They are twofold—First, to train him in 
the investigation of the many problems of medical science which he 
has afterwards to face, and to teach him to observe, record, and 
describe the vital phenomena with which he has to deal. Second, 
to give him a real and sound practical foundation for his after study 
of Physiology, based upon his personal experience and not upon 
the dicta of his teacher and Text Books. 

For these reasons, the problems to be investigated and the 
methods of investigation are indicated here; but the results to 
be obtained and the conclusions to be drawn are left to the student, 
who must, before all, learn to observe and to experiment with 
a mind open to accept whatever results may be obtained. From 
these he should attempt the solution of the problem under 
investigation. 

Throughout this Course the student should keep careful records 
of every experiment he performs, and these should be made as the 
experiment proceeds and not some time after its completion. When 
apparatus is used, he should make diagrams of its arrangement, and 
tracings must be fixed and preserved. Before beginning an experi- 
ment he must first clearly understand its object, and enter in his 
note-book the question to be investigated. He must also, before 
starting, understand the method adopted and how it will throw light 
upon the question. These methods may be divided into the 
objective and the subjective. The former attempts to arrange 
that the processes under investigation, so far as possible, record 
themselves ; while the latter consists in the examination of the 
sensations of the experimenter himself or of another person as 
described by that person. 

While carrying out the experiment he should not confine his 
attention only to the main result, but should observe everything 
that happens, and record for further investigation anything he 
does not understand. An attempt must be made to draw conclusions 
from the results obtained, and to give an answer to the question 
which is under investigation. 

In each experiment the student must record :—1. The Object, 
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2. The Method used. 3. The Results obtained. 4. The Con- 
clusions drawn. 

Every student should be provided with a large note-book, pencil, 
strong sharp-pointed scissors, strong dissecting forceps, and a 
camel’s-hair brush. 

After completing each set of experiments he should read in a Text 
Book the results obtained and the conclusions arrived at by others, 
and by further reading and lectures he should extend the knowledge 
gained from his own work. 

Students who have not made themselves familiar with the 
electrical apparatus which is used in physiology will find a brief 
description in the Appendix (p. 74). 


The Course consists of seventeen lessons, each occupying about 
two hours. In some of them it will be found convenient to divide 
the class into sections, each spending half an hour or an hour on 
one part of the work, and then exchanging with the other section. 

It may be found of advantage to alter the order of the lessons. 
If Respiration and Circulation are taken before Nerve-Muscle, a 
more gradual passage from easier to more difficult experiments 
is secured. If such work has been already done this may be 
omitted. 

To help the teacher in preparing for the Class, a list of what 
should be got ready is appended to each lesson. 


SECTION I 


THE SPECIAL SENSES 


HOW DIFFERENT EXTERNAL CONDITIONS ACT UPON 
THE BODY AND HOW WE GAIN KNOWLEDGE OF 
OUR SURROUNDINGS 


The body has developed both structurally and functionally to 
enable the individual and the species to survive in the face of external 
conditions. Hence its capability of modifying its actions to suit 
its surroundings is of primary importance, and the ways in which 
external conditions act upon it to bring about appropriate reactions 
require special study. The body as a machine liberating energy 
in its activities is acting in subservience to these influences from 
without. For this reason alone it is reasonable to begin the study 
of physiology by the investigation of the various receiving arrange- 
ments by which different kinds of external change produce their 
definite effects either with or without those modifications of con- 
sciousness which we call sensations. 

Since it is by changes in our consciousness that we are made aware 
of our existence, and since these changes are brought about by 
the stimulation of specially-developed receptors, each of which 
when stimulated gives rise to a particular kind of sensation, the 
physiological action of these arrangements may be termed the 
physiology of the Special Senses. 

A second advantage in taking the Special Senses as the starting 
point is that, since the methods employed are largely subjective, 
the use of complicated recording apparatus is not generally necessary. 

A third advantage is that the student early learns the limitations 
of the senses in gaining knowledge of the outer world, and the 
danger in interpreting wrongly the sensations experienced. Of all 
these dangers the greatest to educated people is undoubtedly the 
element of expectancy with which an observation or experiment is 
approached. The limitation of our senses must be accepted, but 
the effects of this element of expectancy can be eliminated, and one 
of the first things to be learned is to observe honestly and without 


preconceived ideas. 
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Lesson I 
SENSATIONS CONNECTED WITH THE SKIN 


Sections of skin showing the epidermis, dermis, papillz, if possible 
with tactile corpuscles, and hair follicles, should be studied under 
the microscopes. 


I. Sense of Contact—Touch 


1. Is Contact felt equally. all over the Surface ? 

Meruop.—(l) Two or three brush bristles of different strengths 
are fitted into split wooden matches. One student now lays his 
hand on the table, palm downwards, and closes his eyes. The 
other marks out on the back of the hand a square of about 1 sq. cm. 
He then lightly touches various points close together, and the 
student experimented upon says whether he feels the contact or not. 
The points on which contact are most clearly felt are mapped out 
(Pressure Spots). 

(2) He now passes a small fragment of soft cotton wool very 
lightly over different areas of skin, e.g. back and palm of hand, 
and notes the sensation produced. Does the presence of hair 
influence the result ? 


2. What Differences of Pressure can be distinguished P 
MerrHop.—One student lays his hand on the table, palm upwards. 
He keeps his eyes closed while another student applies to the palmar 
aspect of the proximal phalanx of the middle finger the different 
weights supplied. The weights must be applied to the same place 
in the same way each time, and at as nearly as possible equal inter- 
vals of time. They must be left on for the same time, not more 
than about 3 seconds. As each weight is applied the subject of the 
experiment says “the same,” unless he is sure that there is a 
difference, in which case he says “ heavier” or “lighter.” 
Recording the result of each observation, the experimenter then 
calculates and records the smallest percentage difference of weight 
which can be appreciated with certainty, stating whether the 
percentage is an increase or a decrease. The weights used are 
marked in units ; their absolute values, within limits, are immaterial. 


3. Can Points of Contact be discriminated equally well at different Parts 
of the Surface P 

MeTHop.—This may be determined by finding how near to one 
another two contacts may be made and felt as two and not simply 
as one contact. 

One student closes his eyes and lays his hand, palm downwards, 
on the table. The experimenter then takes a pair of dividers 
(esthesiometer), and, holding them loosely in the hand with the 
points somewhat separated from one another, he lightly brings 
either one point or the two points simultaneously down upon the 
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back of the subject’s hand. The subject must say “one” unless 
he is certain that he feels two points of contact. Working in 
this way, and recording the result of each observation as to the 
distance of the points and the resulting sensation, the experi- 
menter determines and records how far the points must be apart 
on the back of the hand to give rise with certainty to a double 
sensation. 

The observation is next to be repeated on the palmar aspect of 
the terminal phalanx of the forefinger and on the dorsal aspect of 
the forearm. 


4, Can Contacts be distinguished however rapidly they follow one 
another ? 

MetHop.—Place the finger upon the toothed wheel, first when 
it is rotating slowly and then when it is rotating rapidly, and note 
in each case if a series of sensations or a continuous sensation is 
experienced. The contacts are practically instantaneous. What 
conclusions do you draw as to the duration of the sensations ? 


The Possibilities of Erroneous Interpretations of Tactile Sensa- 
tions. (1) Aristotle's Hxperiment.—Cross the middle finger over 
the forefinger of the same hand and apply a pencil to the adjacent 
surfaces. Note the character of the perception and the judgment 
founded upon it. . 

(2) One student lays his hand palm downwards on the table. 
His companion now lets the weight provided come to rest first 
suddenly and then very slowly on the back of his hand. Does the 
weight feel equally heavy in both cases ? 

Is it the actual weight which is appreciated or the suddenness of 
the change of weight in time ? 


II. Sense of Pain 


1. Can Pain be produced equally on Stimulating all Parts of the Skin ?P 
Mrtruop.—-With a very fine needle explore the same small part of 
the skin as in I. 1, p. 6, and map the result. Determine whether 
the spots, the stimulation of which give rise to the most intense 
sense of pain, correspond with those giving rise to the most marked 
sense of touch. Clearly differentiate between touch and pain. 


III. Sense of Temperature 


1. Is the actual Temperature appreciated ? 

MrrHop.—Take three basins. 1. Fill one with water so warm 
that the hand can be just comfortably held in it. 2. Fill another 
with cold water. 3. Fill the third with water at a temperature 
intermediate between 1 and 2. 

Place one hand in 1 and the other in 2, and after keeping them 
there for a few minutes place both in 3 and record the sensation in 
each hand. What conclusion do you draw ? 
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2. What Factors modify the Sensation ? ; 

Mzruop.—Bring a piece of metal and a piece of flannel, which 
have been kept at the room temperature, upon the skin and notice 
the difference in the sensation produced. What is the physiological 
explanation ? 

3. Is the Power of Determining Temperature equally distributed over 
the Skin P 

Mzrnop.—Gently trail a fine cold metal point over the skin 
between the fourth and fifth metacarpal bones, and notice if the 
sensation of cold is produced by contact everywhere or only at 
certain spots. 

Repeat the experiment with the metal at a higher temperature 
than the body. 

The experiment may be repeated on the back of the forearm. 
What conclusions do you draw ? 

Tf the hot and cold spots are marked with inks of different colours 
the experiment may be repeated in order to see if these points are 
unaltered. They may also be reinvestigated after the application 
of heat to the skin. 


4, What is the smallest Difference of Temperature which can be 
appreciated ? 

Metuop.—Take two large test-tubes and half fill them with 
water at between 35° and 40° C., making one slightly colder than 
the other. Now find the smallest difference of temperature which 
can be appreciated (a) on the side of the face, (b) on the back of the 
forearm. Start at differences of temperature distinctly perceptible, 
and add cold water to the warm tube till the difference of 
temperature can just be detected. Then with a thermometer take 
the temperature of the water in each tube. 


The Possibility of Erroneous Judgments involving Tactile and 
Temperature Senses.—Apply first a cold penny, then a warm penny to 
the forehead, with the head thrown back, and note whether or not 
the weight feels the same in both cases. 


Conclusions from the Examination of Cutaneous Sensibility. — 
The result of the study of the sensations connected with the skin 
is to show that there are three kinds of receptors each specially 
responding to one kind of external change, to one kind of stimulation. 
—l. Receptors responding specially to contact with gross matter ; 
2. receptors responding to injurious stimuli, e.g. the prick of a pin, 
and 3. receptors responding to the withdrawal or addition of heat. 

It appears that these are distributed in a spotted manner over the 
surface, being more abundant at some parts, less abundant at others. 

It is to changes in the external condition that they respond, and 
ie suddenness of the change in time or place is the most potent 

actor. 

While each kind of receptor is specially tuned to one kind of 
change, there is evidence that they may be acted upon by others if 
these are sufficiently powerful. 
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(Read Cutaneous Senses in Text Book.) 
_ (If a case of disease of the spinal cord with dissociated sensibility 
is available, it should be used to demonstrate the conduction from 
the three kinds of receptors in the skin by separate tracts in the 
cord.) 

Lesson I. To be provided for the Class. 

1. A cogged wheel of about 5 inches diameter, with 100 teeth on the cir- 

cumference, driven by a small motor and with a resistance to vary the speed. 


2. A couple of microscopes with sections of skin to show tactile corpuscles 
and nerve endings round hair follicles. 


To be provided for each pair of Students. 


1. Some brush bristles of different strength fitted transversely in split 
wooden matches.—2. A very fine steel needle—3. A small piece of cotton 
wool,—4, Six small flat pill boxes loaded with shot to weigh about 4~6-8-10- 
12-14-16-18 gms., and filled up, closed and sealed with paraffin wax. Each 
should have a distinguishing mark on the bottom, corresponding to a similar 
mark upon a card with the weight marked upon it for reference.—5. A pair 
of fine |pointed dividers and a millimetre scale. [Norzr.—There is a milli- 
metre scale on the induction coil.|—6. Three basins and a supply of hot and 
cold water.—7. A piece of metal.—8. A metal rod with a fine point.—9. A 
Seetadel aed reading to tenths of a degree Centigrade.—10. Two large test 
tubes. 


Lesson IT 
TASTE 


Revise the anatomy of the tongue, and examine with a micro- 
scope sections of the foliate papille of the rabbit’s tongue to see 
the structure of the taste-bulbs. 


Is the Sensibility to Taste the same all over the Tongue ? 

MerHop.—Solutions of (1) sugar, (2) quinine, (3) hydrochloric acid, 
(4) common salt, are provided. One student rinses out the mouth 
with water, and another applies, with a large camel’s-hair brush, one 
or other of the solutions to some part of the tongue and notes the 
sensation which is said to be produced. The tongue must be kept 
protruded whilst the taste is being determined. The mouthis again 
rinsed and the process repeated, and thus the various parts of the 
tongue are investigated for their sensibility to the different sub- 
stances. The results should be recorded as a diagram, 


SMELL 


A bottle of vanilla is opened for a short time in the laboratory 
where the students are at work, but not to a sufficient extent to 
enable those at work to detect the smell. They then leave the 
room and return. Is the odour now perceived ? What conclusion 
may be drawn as to the way in which the sense of smell is stimulated. 
Is it the amount of vanilla in the air or the rate of change in the 
amount of vanilla passing through the nose which stimulates ? 
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The Difficulty of Classification and the Confusion of Taste with Smell. 
—The student closes his eyes, pinches his nose and opens his mouth ; 
his companion places on the tongue pieces of potato. These are 
replaced in turn by pieces of onion. The substances may be rolled 
over the tongue, but should not be chewed, because the texture 
is different in the two cases. The identification is noted in the 
several cases and control experiments should be made with the 
nose open. 

Compare the results of this experiment with the so-called loss or 
impairment of taste during a “cold in the head.” 


HEARING 


(Revise your knowledge of the physics of sound vibrations and 
of the anatomy of the ear.) 

1. Examine the models of the middle ear, and study the way in 
which an inward movement of the tympanum is transmitted by 
the ossicles to the fenestra ovalis. Note especially the joint between 
the malleus and incus and the way in which it is locked as the 
tympanum is moved inwards and unlocked as the membrane is 
moved outwards. 

2. Examine a section of the cochlea under a low power and 
identify the scala vestibuli, scala tympani, scala media, basilar 
membrane and organ of Corti. 

3. Examine a transverse section of the lower part of the 
Eustachian tube. 

4, Close the mouth firmly and hold the nose so as to close the 
nostrils. Then make a forcible expiration. Note the sensation 
produced as air is driven up -the Eustachian tube. 

5. One student closes his mouth. His companion then inserts the 
nozzle of the Politzer’s bag, covered with a small piece of rubber 
tubing out of a 1 per cent. lysol solution, into one of his nostrils and 
holds it in position with his finger and thumb, closing in this way the 
other nostril. He then presses the bag gently and the subject 
observes if he has a sensation of air entering the drum of the ear. 

The subject holds some water in his mouth, and as he swallows it, 
his companion again compresses the bag with the same force as 
before, and the subject observes whether air passes into the ear. 

What conclusion may be drawn as to the condition of the 
Eustachian tube during swallowing ? 

_ Note that experiments 4and5 should not be carried out on a subject who 
is suffering, or who has ever suffered from middle ear disease. Also a subject 
with a ‘‘cold in the head” should not be used. 

6. What Qualities of Sounds are Perceived ? 

(i) Loudness. What is this due to? 

(ii) Pitch. What is this due to? 

Is the perception of pitch limited ? Using tuning forks for the 
lower limit and the steel cylinders supplied for the upper limit 
determine the range of perception of musical sounds. 

(iii) Quality. (a) Sound the tuning fork doh strongly, and note 
the character of the resulting sensation. 
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(6) Repeat the experiment, and immediately after sounding the 
fundamental tone, sound the three partials me, soh and doh above, 
and note the character of the resulting sensation. 

Formulate your conclusions as to the influence of overtones upon 
the quality of musical tones. 


?. Do Sound Vibrations influence the Internal Ear only through the 
External Ear ? 

MetHop.—Sound a tuning fork lightly, and hold it to the ear 
until the sound has quite died away. Now place the end of the 
fork against the closed teeth or the mastoid process. Describe the 
resulting sensation. What conclusion do you draw ? 

Grip your watch between your teeth and close one ear and then 
the other. Note the sensations. Repeat the experiment with the 
watch between, but not touching, the teeth. Compare and explain 
the results. 


8. Is the Power of Localising the Source of Sound well developed ? 
Test the power of localisation by making a faint clicking noise— 
as by closing sharply a pair of foreeps—in the neighbourhood of 
the head of the subject whose eyes are closed. The latter must 
make a definite statement as to the direction and distance from 
which the sound comes. 
(Read Physiology of Hearing in Text Book.) 


VOICE 


(Revise the anatomy of the larynx or dissect the larynx of a human 
subject or of some other mammal.) 


Laryngoscope.—F ix on the forehead mirror. 

A, Examine the model of the larynx by projecting a beam of 
light into the mouth cavity and inserting the small mirror on the 
handle into the back of the throat so that the beam is reflected 
downwards into the trachea. Identify the structures represented. 

B. Place a fellow student in one of the stalls in the dark room 
with a light beside his head, and let him open his mouth widely. 
Gently warm the small mirror on the handle. Hold down the 
tongue in a fold of handkerchief. Reflect light into the mouth by 
means of the mirror on the forehead, and insert the small mirror 
through the pillars of the fauces and try to see the upper opening 
of the larnyx reflected in it. ; 

Identify the structures seen and note the white glistening appear- 
ance of the true vocal cords. Then make the observed person sound 
a high note, a low note, and take a deep inspiration, and observe 
the changes in the position of the vocal cords and adjacent structures. 

Nore.—Before inserting the mirror in the mouth of another 
individual it must be disinfected by plunging for one minute in the 
lysol provided and then rinsing in water. 

(Read Physiology of Voice in Text Book.) 
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PROPRIOCEPTIVE MECHANISMS 


I. The Power of Determining the Position and Movements of the 
Various Parts of our Bodies 


MUSCLE-JOINT SENSE 


Mrruops.—With the eyes closed, (a) put the various parts of 
the arm, hand and fingers in any position, and try if the position 
of each part can be determined by putting the opposite arm in the 
same position; (b) get some one to put the same parts in any 
position, and again try if the positions can be accurately reproduced 
on the opposite side. 

(c) Take some object in the hand and study how an estimate of its 
weight is arrived at. Has the condition of the muscles, tendons, and 
joints anything to do with it, and if so, what ? 

To test the delicacy of this sense find the smallest difference of 
weight which can be detected, as in Appreciation of Pressure, 
(p. 6, I. 2), but keeping the hand free of the table and using the 
muscles of the arm. 

(d) By passing the hand over some object with the eyes shut, 
study how this sense, in conjunction with touch, gives information 
as to the distance, shape and size of external objects. 


II. The Power of Determining the Movements of the Head in Space 


LABYRINTHINE MECHANISM 


Study a model of the internal ear with special reference to the 
arrangements of the semicircular canals and their ampulle. Under 
the microscope study a cross section (1) through an ampulla and 
(2) through a canal. 

Consider the absence of sensation of movement in a smooth- 
running train, and the sensation of movement on starting and 
stopping. It seems that we are made conscious of acceleration 
or retardation of movement, but not of uniform movement. 

1. One student spins rapidly round several times. When he 
stops he directs his eyes in the direction to which he was spinning. 
His companion studies his eyes for movements and describes 
their character and direction. These movements are known as 
nystagmus. When they are active the subject should extend the 
right arm forward and with the index finger touch some point 
first with the eyes open and then with the eyes closed. The last 
experiment should be repeated when no nystagmus is present. 

2. Hold a short stick or poker vertically with its point on the 
ground. Place the forehead on the top and rapidly walk three 
times round it. Then raising yourself straight, try to walk to the 
door. Notice the effect produced and try to explain it. 
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Try to come to a conclusion as to how the canals may act in the 
above experiments. 

The power of determining the position and movements of the 
various parts of the body and the head in space, since it depends 
upon the stimulation of structures by our own position and move- 
ments, has been called the Proprioceptive power, and the structures 
involved may be said to constitute the Proprioceptive Mechanism. 
It plays a most important part in maintaining the balance and in 
guiding and co-ordinating movements without consciousness being 
involved. 

Ee (Read Muscle-joint Sense and Labyrinthine Mechanism in Text 
ook.) 


Lesson II. To be provided for the Class. 

1. Section of foliate papille from the tongue of the rabbit under a micro- 
scope.—2. Models of the middle ear and of the internal ear.—3. Section of (a) 
the cochlea and (b) of the lower part of the Eustachian tube under microscopes. 
—4. Sections of a semicircular canal and of an ampulla under microscopes.— 
5. Slide showing muscle spindles and tendon organs.—6. Politzer’s bag.— 
7. A series of tuning forks on sounding boards giving from say 50 vibrations 
per second upwards; a series of steel cylinders with hammers giving from 8192 
v.s UT to 65,536 v.s UT 10, or a Galton’s Whistle.—8. Tuning forks on 
sounding boards giving 528 v.s doh, 660 v.s me, 880 v.s soh and 1056 doh 
above.—9. Models of larynx, or a human larynx preserved in formalin and 
glycerine and split in the vertical mesial plane.—10. Model larynx, laryngo- 
scopes with forehead mirrors, a vessel containing 1 per cent. of lysol and 
another of water to wash the laryngoscopes. 


To be provided for each pair of Students. 
(Each student must bring a clean camel’s-hair paint brush.) 


1. In small glasses, solutions of (i) Cane sugar, 2 per cent.—(ii) Quinine 
sulphate, saturated solution.—(iii) Sulphuric acid, 0°5 per cent.—(iv) Com- 
mon salt, 0°5 per cent.—2. Large glass of water for rinsing mouth.—3. Discs 
of potato and onion.—4. A set of pill boxes with shot weighing about 50, 55, 
60, 65, 70, 75 and 80 gms. marked as in Lesson I. 


Lzsson III 
VISION 


A. STRUCTURE OF EYE 


I. Dissection of the Eye of the Ox or Sheep, fresh or out of Formalin 


Examine the eye. Identify the cornea and sclerotic, and 
notice the entrance of the optic nerve to the inner side of the 
antero-posterior axis. Note the shape of the pupil and compare 
it with that of the human subject. Now divide the eye into an 
anterior and a posterior half by cutting through the equator of the 
sclerotic with a sharp razor. 

Note the gelatinous vitreous humour in the posterior chamber. 
Note the black-coloured choroid coat inside the sclerotic. In the 
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anterior segment note that the capsule of the vitreous (hyaloid 
membrane) is firmly attached to the front of the choroid and that 
it holds the lens in a capsule behind the pupil. Strip the hyaloid 
membrane and the lens in its capsule from the choroid, and observe 
how firmly attached it is to a series of ridge-like thickenings of the 
choroid just behind the junction of the cornea and sclerotic—the 
ciliary processes. Examine these processes. Note that the iris is 
continued forward from them to the edge of the pupil. 

Shell the crystalline lens out 
of its capsule. Study its shape 
and note its elastic character. Ob- 
serve the aqueous humour in front 
of the lens and behind the cornea, 
filling the anterior chamber. 

Now make a section through the 
cornea and sclerotic at right angles 
to the last cut. Study and draw 
the corneo-sclerotic junction with 
the adjacent tissues. 

Examine sections of this part of 
the eye with the microscope and 
identify and study the radiating 
fibres of the ciliary muscle, noting 
the origin and insertion, and the 


Fig. 1.—Horizontal median section 


through the left eye. two sets of muscular fibres in the iris. 

Opt.N., Optic nerve. Sel., Sclerotic. In the posterior segment of the 
Ca ne itt mucde, eye note the entrance of the optic 
se ae Heoueue nee “nerve, and observe the thin mem- 
pupille. Z.,Lens. brane-like retina spread over the 
(From Néel Paton’s Essentials.) choroid. Note the iridescence in 


front of the choroid in the eye of 
the ox. Observe the blood vessels entering in the optic nerve 
and spreading over the front of the retina. (In the eye of the 
ox there is no special development of a macula lutea in the 
posterior optic axis.) Make drawings of the various structures 
seen. 
Study the model of the human eye provided. 


IJ. Examination of the Eye in Life. Ophthalmoscope 


Make a model eye by unscrewing the lower lens of a microscope 
eyepiece and placing inside it a piece of paper with some mark upon 
it. Look through the upper lens, and observe that the chamber is 
dark and the paper is not distinctly seen. 

(a) Direct Method.—In the optical room fix the model eye in 
a holder, and bring the electric light beside it so that it does not 
shine on the front of the model. Using the mirror with a hole in 
the centre, reflect light into the model eye, and look into it through 
the hole. Begin at a distance of 2 feet from the eye, and approach 
it keeping the light reflected into it. Gradually the mark on the 
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paper becomes distinctly visible. Is it erect or inverted 2 (The 
observer's eye must be kept accommodated for distant vision.) 


Fie. 2.—Ophthalmoscope—to show the formation of the image in the direct 
method. 


(6) Indirect Method.—With the mirror about 3 feet from the 
model eye reflect the light into it. Now insert a biconvex lens at 


Fic. 3.—Ophthalmoscope—to show the formation of the image in the indirect 
method. 


about 4 or 5 inches in front of the model, and try to see the image 
of the mark on the paper. Is it erect or inverted ? 
The human eye may be examined in the same way. 


B. VISION WITH ONE EYE 


I. The Focussing Mechanism 


1. The Formation of Images by a Lens. 
Mernops.—A. In a dark room, using a candle, study the 
formation of images on an obscure glass screen behind a lens. 
1. Where is an object held above focussed on the screen and 
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where is an object on the right focussed ? Is the image erect or 
inverted ? 

2. How does the image move with movement of the object ? 

3. Can a near object and a far object be focussed at the same 
time ? 

4. What is the relationship of the size of the image to the distance 
of the object ? 

Revise your knowledge of the optical properties of a convex lens, 
using Kiihne’s artificial eye or some substitute. 

B. Examine the image of a candle formed on an obscure glass 
plate placed over a hole cut in the back of a fresh eye of an ox. 


2. At what Surfaces of the Eye are the Rays of Light Refracted ? 
(i) Note the formation of an image from each of the two refracting 


Fie. 4.—Kiihne’s artificial eye and accessory parts. 


surfaces of a biconvex lens due to the reflection which takes place 
at these surfaces. Study (1) how the size of the image varies with 
the curvature of the lens, (2) the position, erect or inverted, of the 
image from each surface of the lens, and (3) the direction in which it 
moves when the object is moved. 

(ii) In a dark room hold a candle to the outer side of the 
eye of a fellow student, and notice that three reflected images are 
to be seen—one large, clear, distinct, erect image from the anterior 
surface of the cornea, one small, distinct, inverted image from the 
posterior surface of the lens, and one much less distinct erect image, 
larger than the first and apparently lying almost behind it and seen 
best from the side away from the light, from the anterior surface 
of the lens—Sanson’s Images, From the size of these images draw 
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conclusions as to the relative curvatures of the different surfaces. 

The bright clear erect image is formed from the anterior surface 
of the cornea. The small sharply-defined inverted image is formed 
from the back of the crystalline lens. The large, dim erect image 
which seems to lie behind the first is formed from the anterior 
surface of the crystalline lens. These, then, are the three refracting 
surfaces of the eye at which rays of light are bent so that they may 
be focussed on the retina. 

Why is no image formed from the posterior surface of the cornea ? 

The refractive indices of the media are : 


Cornea : = 37 Lens ‘ . 1-44 
Aqueous. . 1-34 Vitreous . . 134 
From the results of these observations, make a diagram of the 
physiological lens of the eye. 


8. Can Near and Far Objects be seen at the same Time ? 

MeErxHops.—(i) Close one eye and fix the other on the far corner 
of the room, and then hold up a pencil at about a foot from the eye 
and see if at the same time both objects can be distinctly seen. 
Another student should note any change in the pupil when the eye 
is directed to the pencil. 

(ii) Scheiner’s Experiment.—Make two holes in a horizontal line 
in a sheet of paper so near that they both fall within the diameter 
of the pupil. Now stand at about two or three yards from a wall 
on which a small vertical line is drawn and look at it through the 
holes. While keeping the eye fixed on the line, bring a needle 
vertically in front of the holes at about 8 inches from the eye, 


Fia. 5.—To show the formation of images in Scheiner’s Experiment. 
(From Noél Paton’s Essentials.) 


and note the appearance of the needle when the distant line is 
looked at, and of the line when the needle is looked at. 
Make a diagram of the experiment and formulate the conclusions 
to be drawn. 
4. Is the Power of Focussing Limited or Unlimited ? 
MertHop.—Bring the point of a pencil held vertically nearer and 
nearer to the eye; a point is reached within which it cannot be 
distinctly seen—the near point. Measure the distance of this from 
the eye and record it. 
5. What Change takes place in the Eye in Near Vision ? 
MerrHop.—Repeat the experiment on the refracting surfaces 
of the eye (p. 16, 2, (ii)), when the observed eye is looking at a distant 


and at a near object. 
Oo 
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Examine again, using a Phakoscope as demonstrated. (Figs. 6 and 7.) 


af 


i 


TEN 


Fie. 6.—The phakoscope. 


Make a diagram of the results arrived at. Which refracting 
surface is changed ? 


be 
Fie. 7.—Diagram of the course of the rays of light in the phakoscope. 


This experiment shows that neither the anterior surface of 
the cornea nor the pos- 
terior surface of the lens 
undergo any change in cur- 
vature. The image from 
the anterior surface of the 
lens becomes smaller and 
seems to approach that 
from the cornea. It is the 

Fia. 8.—To show the changes in the lens anterior surface of the lens 
and in the pupilin positive accommodation. which becomes mon meant 

(From Noé] Paton’s Essentials.) 


vex and thus brings the 
more divergent rays from objects near the eye to a focus on 
the retina. 
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A knowledge of the origin and insertion of the ciliary muscle 
explains how this change is brought about. 

Now make the subject look first at a distant and then at a near 
object and observe any change in the size of the pupil. 

Imperfections in the Dioptric Mechanism of the Eye——Use some 
modification of Kiihne’s artificial eye with a candle about 3 feet 


NP 


FP. 


EMMETROPIC 


PRESBYOPIC 


’ 
HYPERMETROPIC 


MYOPIC 


Fic. 9.—To show the way in which rays of light from the far point and 
near point of vision are focussed in the normal (Emmetropic), in the 
old sighted (Presbyopic), in the long sighted (Hypermetropic), and in 
the near sighted (Myopic) eye. 

(From Noél Paton’s Essentials.) 

in front of it so that nearly parallel rays enter the eye. Adjust 

the screen so as to get a clear image of the candle. Now 

by moving the screen study the effect of making the eye (1) too long 
and (2) too short upon (a) the image 
formed, (b) the distance to which the 

candle must be moved to give a 

clear image. Which condition gives 

short-sightedness (Myopia) and which 

long-sightedness (Hypermetropia) * 

Using Clark’s model with (1) a 
cylindrical lens convex from above 
downwards, (2) and one convex from 

side to side, throw the image of a 

cross upon the screen. Note the Fic. 10.—To show that in the 


character of the image. Now slide astigmatic eye rays from ver- 
tical and horizontal lines are 


oe trent 2 f (1) and note the not focussed simultaneously 
change in the image. upon the retina. 

This represents in an exaggerated Giron) Noel Paton’s Masentiatad) 
form the result of any of the 
refracting surfaces of the eye having its curvature unequal in 
different planes. This is the condition of astigmatism. 
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Using the card provided, test your eye for astigmatism. If this 
is present all the lines will not be seen with equal distinctness at 


one time. 
(Read the Physiology of the Dioptric Mechanism in a Text Book.) 


II. Action of the Retina and Brain 


1. Are Visual Sensations Produced by Light only P 
Press upon the eye-ball far back, and note the effect of such 
mechanical pressure on the retina. Formulate your conclusion. 
This is one of the most important experiments in Physiology, for 
from it may be deduced the conclusion that the stimulation of a 
receptor by any kind of change produces the same kind of sensation, 
and the converse that the same kind of stimulation of different kinds 
of receptors will produce different and specific changes of sensation. 
This is the law of Specific 
Nerve Energy. (Seealsop. 9.) 


2. Is the whole Retina Stimu- 
lated by Light P 

B Mertuops.—(i) Mariotte’s 
Experiment. Make two 
marks horizontally about 4 
inches apart upon a piece 
of plain paper. 

© With the head about 18 

inches from the paper and 

with the left eye closed, fix 

the right eye on the left- 

hand mark. 

Are both marks visible ? 
Does any change take place 
as the paper is gradually 
brought towards the face ? 


Fic. 11.—To show the demonstration of 
the Blind Spot by method 2 (i). 
(From Noél Paton’s Essentials.) 


Make a diagram of the results of 
the experiment. 

(ii) Make a mark on the left side 
of a piece of plain paper. Holding 
the head firmly fixed at about a foot 
from the paper and closing the left 
eye, keep the right eye fixed upon the 
mark, and move the point of a pencil, F!¢- 12.—To show the demon- 
held nearly horizontally, slowly to- Mae . PB Pot By 
wards the right side of the paper. ieee Noél Lo Essentials.) 
Note any change in the appearance of 
the point of the pencil you may observe. 

Make a diagram of the experiment and draw your conclusions. 
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(iil) Map out the blind spot by moving the point of the pencil from 
the part of the paper where it is invisible to where it becomes visible. 
Mark the limits of the invisible area in all directions from its centre. 

Examine the retina in the model eye, and note that the blind area 
discovered corresponds in position with the entrance of the optic 
nerve (p. 14, IT.). 


8. Is the Power of Localising the Source of Light equally developed 
all over the Retina ? 

MerTHOD.—Prepare an experiment as above, but instead of a 
pencil take a pair of 
dividers. Bring the 
points close together, 
and place them on the 
central mark, and then 
note whether both can 
be seen. Now, keep- 
ing the head. perfectly 
steady and the eye 
fixed on the central . 
mark, draw them along 
the paper away from |. : Nan ate : oe 
De age ac ge ae Re esting power Tol: 
note when two points phery of the retina. 
can no longer be dis- (From Noél Paton’s Essentials.) 
tinguished. Separate 
them till they are again seen as two and draw them still further 
out, and note what happens. Record the result on a diagram 
and formulate your conclusions. 

In a good section through the central spot of the retina it may be 
noticed that, while at that point cones alone exist, further out upon 
the retina these are situated at greater and greater distance with 
rods between them. Apparently it is necessary that two cones 
should be stimulated to get a double sensation. 


4. What Layer of the Retina is 


a_s c d 


ree Ry 
a acted upon by Light P 
J MerHop.—In a dark room 
Pa stand side on against a uni- 
Wore ES aes formly coloured wall, with the 
S eyes turned towards the wall. 


By means of a lens another 
student directs a powerful ray of 


Fic. 14.—To show how shadows of |. 
the blood vessels are thrown on light through the exposed scle- 
the layers of rods and cones in the rotic coat of the eye, and, on 


experiments of Purkinje’s images. moving the light up and down, 
(From Néel Paton’s Essentials.) and from side to side, any 
appearance on the wall is noted. 

The lines seen are shadows of the retinal blood vessels—Purkinje’s 
Images. Revise your knowledge of the distribution of the blood 
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vessels of the retina (p. 14) and draw your conclusions. Isit the front 
layer of the retina or a back layer which is acted upon by light ? 
The following is another method of performing this experiment. 
Remove the objective from a microscope, arrange the mirror for 
a good light and move the microscope from side to side ; a number 
of vessels will be seen running vertically. The microscope is now 
moved from before backwards until vessels are seen running 
horizontally. Give the microscope a circular movement, the field 
will be covered with vessels except in the direct line of vision in 
which is a small area in which no vessels are seen, the macula lutea 
or yellow spot. Make a diagram of the appearances in each case. 


Lesson III. To be provided for each pair of Students. 


1. An eye from an ox, sheep or pig cleared of external tissues, fresh or 
fixed for a day or two in formalin and then washed. A sharp razor.— 
2. Two or three ophthalmoscopes and the usual biconvex lenses.—3. A 
model eye or the eye-piece of a microscope with a piece of paper fixed under 
the lower lens with some prominent figure, X or O, marked upon it, the 
whole fixed in a retort holder beside a suitable electric lamp.—4. Candle in 
holder.—5. Convex lenses of different curvature.—6. Sheets of paper.— 
7. Needle in handle.—8. Pair of fine pointed compasses.—9. Millimetre 
measure.—10. Card for astigmatism. 

To be provided for Class. 


1. Kiuhne’s artificial eye or some similar model.—2. Model of eye in orbit. 
—8. Microscopes with sections of (a) Anterior segment of eye with ciliary 
processes; (b) Posterior segment of eye with retina.—4. A small photo- 
graphic camera.—5. Phakoscope. ; 


Lzsson IV 


5. What Range of Objects can be seen at one Time? The Field of 
Vision. 

Metrnuop.—A. Black and White. 
Describe a semicircle on a black- 
board with the free ends of the 
line finishing at one side. Mark 
the centre of the circle at the 
edge of the board and the middle 
point in the circumference with 
an X. This forms a rough “ Peri- 
meter.” 

Keeping one eye closed, the 
observer places his other eye at 
the centre and directs it steadily 
towards the middle point in the 
circumference. A fellow student 


> slowly draws a piece of chalk 

Fre. 15.—To show the Field of  2/0ng the circumference from 
Vision in the vertical plane. below. The subject states when 
(From Noél Paton’s Essentials.) it becomes visible, and the other 


marks this point. 
Now, starting from above, the experimenter again draws the 


ELEMENTARY EXPERIMENTAL PHYSIOLOGY 23 


chalk along the circumference until it becomes visible, and marks 
the point where it comes into view. The angle thus formed with 
the centre of the circle and these points subtends the vertical field 
of vision. Measure this angle and record it as so many degrees in 
relation to the optical axis. 


Fic. 16.—A perimeter. 


Now turn the blackboard into the horizontal plane, or use the 
top of a table, and map out the horizontal field of vision. : 

Why are the angles subtended not equal in the four segments 0 
the field of vision ? Will the position of the eye in relationship to 
the eyebrow and nose explain this ? 
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B. Colours. Using coloured papers, map out the field of vision 
for the different colours, red, green, blue and yellow, noting the 
points at which the colour becomes clearly distinguishable. Measure 
and record the angles. Draw a section of the eye and mark upon it 
the parts of the retina which react to black and white, red, green, 
yellow and blue. 

Study the more elaborate instrument, the Perimeter, used for 
making an accurate map of the visual filed. 

(Read these subjects in Text Book.) 


6. How are Colours Perceived ? 


(Revise your knowledge of the physical nature of colour. Study 
the spectrum produced by a prism. 


i. How are the various Colours in Nature produced ? 

Metuops.—(1) Fix a disc of pure spectral colour, e.g. red, on 
the rotating wheel in a good 
light, and after rotating the 
dise and observing it, intro- 
duce, by means of the slit, 
(a) a segment of white, 
rotate and observe; (b) a 
segment of black, rotate 
and observe; (c) a large 
segment of bluey-green, 
rotate and observe. Record 
your results, and draw con- 
clusions as to the effect 
upon the colour sensation 
of mixing a spectral colour 
with (a) white (diluting it), 
(b) black (decreasing the 

WiG.17. illumination), and (c) an- 

other part of the spectrum, 

i. Are Colour Sensations produced only by Ethereal Vibrations of 
Different Lengths ? 

MrtHops.—(1) Insert the tip of the little finger into the external 
angle of the eye, getting it as far back as possible and turning the 
eye inwards. Now press, and notice if any colour sensation is 
produced. 

(2) Fix the special black and white disc provided on the wheel and 
rotate at various speeds. (Fig. 17.) Note the effects produced. 
What conclusion do you draw ? 


i. Can all Individuals distinguish Colours equally well ? 
MertHop.—(1) Take a set of Holmgren’s wools. Give a student a 
red wool and let him pick out all that are of the same sort of colour. 


Find if by this test any member of the class is colour blind. The 
Bead Box test is more reliable. 
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(2) Edridge Green’s test. Using these cards test your colour 
visions as directed. 


C. VISION WITH TWO EYES 
I. What are the Advantages ? 


1. Extent of Field of Vision. 

__ Using the top of the table (p. 22, 5), investigate the field of 
vision in the horizontal plane first for the right eye, then for the 
left eye, and then for the two eyes together, taking care not to move 
the head. Make a diagram of the result, and compare the optical 
angle in vision with one and with two eyes. 


ELV. ILIV 
Sar A 


Fra. 18.—To show the Field of Vision for each eye and for the two eyes in 
the horizontal plane. 
A, The point looked at. R.F.V.and L.F.V., the right and left field of vision showing the overlap. 
(From Noél Paton’s Essentials.) 


2. Estimation of Contour. 

(a) With the Stereoscope study how the projection of slightly 
different pictures on the two eyes gives the idea of relief. 

(6) Lay a prism edge on to you on the table, look at it first with 
one then with two eyes, and consider how the idea of relief is arrived 
at. 


3. Estimation of Distance. 

Thread an ordinary sewing needle, keeping both eyes open. The 
needle should be held about 10 ins. from the eyes with the eye of the 
needle at right angles to the line of vision. Now repeat the process 
with one eye closed. Can it be done with equal readiness ? What 
conclusion do you draw ? 


Lesson IV. To be provided for each pair of Students. 
1. A blackboard on an easel.—2. Small goniometer made of cardboard.— 
3. Discs of coloured paper, about $ inch in diameter, true spectral blue, 
yellow, red, green and white. 
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To be provided for Class. 


1. Perimeter with series of cards.—2. Discs of pure spectral colours 
slit to the centre on one side for fitting to the axle of the motor.—3. A 
small motor with resistance to vary speeds to carry the discs, or a hand- 
driven disc.—4. Holmgren’s wools.—5. Edridge Green’s card tests for colour 
blindness. 


Lesson V 
II. Why is there Normally Single Vision with Two Eyes ?P 


1. Is Single Vision possible if the Eyes do not move together P 

Metnops.—1l. With the tip of the finger fix one eye in its socket 
and move the head about, looking at external objects, and notice 
whether they remain single. 

2. Looking straight forward, press with a finger upon one eye to 
alter its direction, 
and note the effect 
upon vision and draw 
your conclusions. 

Study the anatomy 
of the eye in the 
orbit, the direction 
of the axis of the eye 
and that of the orbit, 
and the action of vari- 
ous muscles which 
move the eyeball. 
Note that they act 
round three axes of 
rotation. Now get 
an orange and take 
the pip to represent 
the pupil, or use a 


ball of wool, with 

Fre. 19.—To show (A) how on looking at a near ggme mark to repre- 
object the image of a far object may be fone Ty “a 
doubled, and (B) how on looking at a distant a0 SO DEPRES 
object the image of a near object may be Thrust a needle 


doubled. through each of the 
(From Noé] Paton’s Essentials.) three axes of rota- 
tion and study the 
action of each of the three pairs of muscles upon the direction of 
the pip or pupil. 
2. Can Double Vision be produced when the Eyes move freely together ? 
MrrHop.—Set up a stick vertically about 3 feet from the eyes, 
and another at about 10 feet. Look at the near one and see what 
happens to the image of the far one. Close one eye and observe 
what happens. Now look at the far one and notice the image of the 
near, and again close one eye. Make a diagram of the experiment 
and explain the result. (Fig. 19 ) 
(Read Binocular Vision in Text Book.) 
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D. MODIFIED VISUAL PERCEPTIONS 


1. Effects of Strong or Prolonged Stimulation. 

MrrHops.—(a) After keeping the eyes closed for two minutes 
look steadily at a white mark on a black surface for a few seconds 
and then close the eyes. 

Describe the image that appears and also any change in its 
intensity as time passes—Positive After-Image. 

(6) Look steadily at the same mark for three minutes and then 
close the eyes. 

Describe the image as above—Negative After-Image. 


2. What is the Effect of prolonged Stimulation of the Eye with any one 
Part of the Spectrum ? 

MetHop.—Put a disc of red paper upon a white ground in a 
strong light. Look steadily at it for half a minute, then remove it 
and continue to look at the white surface, and note what happens. 
Repeat this with discs of different colours. 

The colour which appears is said to be complementary to the first. 


3. The Possibility of Erroneous Interpretation of Visual Sensations. 

1. Two squares of equal size are fixed upon paper: one is white 
placed upon a black ground, and one black placed upon a white 
ground. Which appears larger ? 

2. Place three equidistant dots in a straight line on a piece of 
paper and subdivide one division by a series of dots. Which part 
appears longer ? 

3. (a) A red square is placed on a white ground and another on 
a green ground. Which appears redder in colour ? 

(6b) A red paper is placed on the table with a grey one half a foot 
away on one side and a green one a similar distancea way on the other. 

Does the red appear redder after looking at the grey or at the 
green sheet. 

4, Make two marks on a sheet of paper as in Mariotte’s Experi- 
ment (p. 20, II. 2) but at about 14 to 2 inches apart, or draw a cage in 
the position of one mark and a bird in the position of the other. With 
both eyes open hold the paper near the near point of vision and 
then focus the eyes for a distant object through the paper. Note 
what seems to happen to the marks or to the bird and the cage. 
Try to explain this. The rays from a distant object are practically 
parallel and falling on the central spots of the two eyes give the 
idea of a single object. When by this artifice the image of the bird 
and of the cage fall upon the two central spots they are mentally 
referred to the same place and seem to coincide. 

5. Rule a square with parallel diagonal lines, and place short 
vertical and horizontal lines upon the alternate diagonals. Do the 
latter now appear parallel ? 

From these experiments draw your conclusions as to the necessary 
accuracy of the knowledge gained by vision. 

(Read Modified Visual Perception in Text Book.) 
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E. TIME TAKEN IN VISUAL AND IN AUDITORY 
PERCEPTION 


(The method of driving the recording drum, of varying its speed 
and of altering its direction, of fixing and of smoking the glazed 
paper should be demonstrated.) 

Meruop.—Connect with the bench terminals marked F’, or with 
a dry cell in one circuit, an electro-magnetic time-marker C, and 
with two mercury keys, A and B, separated by a considerable 
length of wire, so that when both keys are closed the current 
passes and the lever on the marker is depressed. Bring the 
points of the lever of the marker C lightly against the smoked 
surface of a rapidly revolving drum. Key B being open, one 
student stands beside the drum and lever watching this lever, and 
holding the handle of the closed mercury key, A, which he must 
open the moment he sees the lever depressed. Another student 
now closes the key, B, in such a way that the subject can neither 
see nor hear the closing. The lever is thus suddenly depressed. It 
is released again when the first student opens A, when the point of 
the lever will spring up. Below the record thus obtained, a time 
tracing in ;45 sec. is made. To do this, set the drum going, and, 
when it is revolving uniformly, strike a tuning fork vibrating one 
hundred times per second on the thigh so as to set it vibrating and 
holding it by the handle, and with the two limbs in the vertical plane, 
bring the wire attached to one limb against the drum under the 
trace and run off a time trace. Each tooth on the tracing represents 
roo second. 

The interval between the application of the stimulus and the 
resulting action is measured and recorded. At least two obser- 
vations must be made, and unless the time measurements correspond 
closely a third must be carried out. 

After writing with a pin or other instrument name, date, and 
nature of experiment, the tracing is fixed by passing it through 
varnish and hanging it up to dry. Preserve the trace and measure- 
ments in your note-book. 

A similar method may be used for measuring the time taken 
in perceptions of other kinds of sensory impression, e.g. auditory 
impression. 


Lesson V. To be provided for each pair of Students. 


1. Discs of paper of pure spectral colours.—2. Sheets of white paper.— 
3. Black square on white paper, and white square of same size on black paper. 
—4, Red square on white paper, and similar red square on green paper.— 
5. Electro-magnetic time-marker.—6. Recording drum covered with smoked 
paper.—7. ‘Two mercury keys.—8. Lengths of insulated copper wire of about 
6 feet.—9. A tuning fork vibrating 1-100thsecond with marker on one limb. 


To be provided for the Class. 
Perimeter. Stereoscopes with some suitable figures. 


Section II 
NERVE AND MUSCLE 


The student who is not familiar with the use of electrical apparatus 
may with advantage devote two or three hours to a practical study 
of the apparatus most commonly used in the application of electricity 
to Physiology and Medicine (Appendix, p. 74). 


Lzsson VI 


The ways in which the outer world acts upon us through our 
various receptor mechanisms having been studied, the problem of 
how we react through our neuro-muscular mechanism may next be 
investigated. The influence of the brain and of the spinal cord 
upon the muscles and the way in which the nerves act upon them 
may first be studied. 

This may be done by comparing the condition of a frog with the 
brain intact with its condition after the brain has been destroyed. 
The spinal cord is then the only part of the central nervous 
system connected with the muscles and its influence may be deter- 
mined by observing the condition before and after it is destroyed. 

Revise your knowledge of the anatomy of the brain, spinal cord 
and nerves of the frog. With a microscope examine (1) a piece of 
nerve teased in 0-75 NaCl solution; (2) a transverse section of a 
nerve stained with osmic acid, and (3) a transverse section of the 
spinal cord stained by Weigert-Pal’s method. 

Whenever a living (frog) preparation is used the tissue must be 
kept thoroughly moist with 0-75 per cent. sodium chloride solution 
or, better, with ‘‘frog Ringer.” 


A. THE INFLUENCE OF THE BRAIN ON THE SKELETAL 
MUSCLES 


Arrange an induction coil for stimulation with Neef’s hammer 
(see Appendix, p. 79). 

MerHop.—Study, draw and describe the attitude of the frog 
supplied, and note the movements and the effect of touching and 
of turning the animal on its back— 

(1) With the brain and spinal cord «ntact. 

(2) After the brain has been destroyed. Hold the frog by the hind 
legs in the fold of a towel and kill it by hitting the edge of the table 
a sharp blow with its head. Then cut off the head behind the 
tympanic membranes, leaving the lower jaw intact. After a few 
minutes, study and describe the attitude, the movements, and the 
effect of touching and pinching. Feel the condition of the muscles 
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as to consistence, and place the animal on its back, noting any differ- 
ence in its behaviour. 

What is the influence of the brain upon the muscles and upon the 
power of balancing ? 


B. THE INFLUENCE OF THE SPINAL CORD ON THE 
SKELETAL MUSCLES 


JI. Reflex Action in the Frog 


1. Characters of Reflex Action. 

Hang the frog to the edge of the frogboard, fixing it by a pin 
through the lower jaw. Pinch the toes of one foot and observe 
and record what happens. This is a reflex action. 

1. Are reflex movements co-ordinated ? Apply a very small scrap 
of blotting paper dipped in acetic acid to the flank of the animal. 
Study and describe the movements. 

Having washed off the acetic acid, study— 

2. The relationship of the reflex response to the stimulus. Pinch 
the foot with forceps and study the result as regards— 

(a) Movements which result. (Describe.) 

(6) Relation of these movements to the strength of the stimulus. 
Vary the strength of the pinch, or, stimulating with the induced 
current (Neef’s hammer, see Appendix, p. 79), vary its strength. 

(c) Duration of the movements. How long are the movements 
maintained with different strengths of stimulus ? 

(d) Spread of the movements. Study the order of this. 

3. What is the effect of a series of subminimal stimuli in liberating 
a reflex action ? 

(A stimulus which is too weak to cause a reaction is called a 
subminimal stimulus.) 

Stick the pin electrodes lightly into the skin of the foot. With- 
draw the secondary coil of the inductorium tilla single stimulus just 
fails to elicit a response, then stimulate the foot with— 

1. A single subminimal stimulus. 
2. A series of subminimal stimuli. 
What conclusion do you draw ? 


2. Is Time taken in Reflex Action ? 

Mrtuop.— Using the same frog, dip the foot first into the weak 
acid supplied, and, after washing it by immersing in a vessel of 
water, into the stronger acid. Record the difference in the time 
of onset of the reflex action. 


3. Fatigue. 

Arrange as in 3 above, with the secondary coil pushed nearer the 
primary. 

Continue a series of fairly strong stimuli till the leg no longer 
responds—till fatigue is produced. Now dissect out the sciatic 
nerve. ‘To do so snip through the skin on the dorsal surface of the 
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thigh, then, holding the thigh between the thumb and forefinger 
of the left hand, separate the flexors and extensors and with a glass 
hook draw forward the thin biceps muscle and the white nerve 
will be clearly seen and may be separated from the surrounding 
muscles by the glass hook so that the electrodes may be inserted 
under it. Now bring the electrodes under it and stimulate it. Note 
the result and draw your conclusions as to— 

Ist. Where fatigue manifests itself. Is it in the nerve or in the 
spinal cord ? 

2nd. The action of nerve when stimulated upon skeletal muscle. 


4. Is Reflex Action Dependent on the Spinal Cord ? 

Pith the frog by passing a thick pin down the vertebral canal so 
as to destroy the spinal cord (Fig. 20). 
Note carefully anything that takes place See 
in the muscles as this is done. Study and = 
describe the frog again as to attitude, 4,4 909. Method of pith- 
movements, effect of touching and pinch- ing a Frog. 
ing. Examine the consistence of the 
muscles and investigate for reflex acts. 

What is the influence of the spinal cord upon the muscles ? 


II. Reflex Action in Man 
1, The Knee-jerk. 
One student sits with the right leg crossed on the left, closes his 
eyes and firmly clasps his hands together. Another student strikes 


Fic. 21.—Reflex are involved in the knee-jerk. 
L., Lumbar. S., Sacral roots of the spinal nerves. 
(From Noél Paton’s Essentials.) 


the ligamentum patelle of the right leg with the edge of the ear-piece 
of a simple stethoscope or with the side of the hand, and observes 
the contraction of the quadriceps extensor femoris and the movement 
of the leg. (Fig. 21.) 

The Achilles tendon jerk may also be demonstrated. 
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2. Pupil Reflexes. 

(a) Observe the pupil of your companion while he looks (i) at a 
distant object, (ii) at a near object with the same degree of illumina- 
tion. Does any change take place in the size of the pupil ? (Accom- 
modation Reflex.) 

(b) The subject fixes his eyes upon a distant object in a good light 
and then closes them for a few seconds. He now opens them and 
again looks at the distant object. The subject must not look at 
the source of light. Watch the pupil carefully the moment the 
eyes are opened and note whether there is any change. (Light 
Reflex.) 

Alternatively, in the optical room hold an electric lamp behind 
the head, then in front of the eyes, and note any change in the pupil. 

(c) (i) Repeat the first experiment (a) but shade one eye with the 
hand and watch the pupil. 

(ii) Get the subject to close one eye only, observe the other pupil 
now and also when the eye is opened again. Describe the changes. 
(Consensual Reflex.) 


3. Skin Reflexes. 
At home test the various skin reflexes described in the Text Books. 
(Read Reflex Action in Text Book.) 


C. STIMULATION OF NERVE 


These experiments upon Reflex Action show that the nerves to 
the muscles are generally brought into action, stimulated, by changes 
at their origins in the spinal cord. 

But they may also be stimulated at any part as is shown by 
I. 3, p. 31, or by the following experiment. 

Press on your ulnar nerve as it passes behind the internal condyle 
of the humerus and note the result. To what point is the resulting 
sensation referred ? 


Lesson VI. To be provided for each pair of Students. 


1. Induction coil, mercury-key and wires, cells or electric supply from 
accumulator.—2. Frog.—3. Frog-plate on stand.—4. Pins.—5. Small glass 
of 10% acetic acid.—6. Jelly-jar (small) filled with water.—7. Two jelly © 
jars, one with 0°2% sulphuric acid, and the other with 0°5% acid.—8. Blot- 
ting paper. 

For the Class. 
Microscopes with (a) a piece of nerve teased in 0°75 per cent. NaCl; (6) a 


transverse section of a nerve; (c) a transverse section of the spinal cord 
stained by Weigert-Pal’s method. 


Lesson VII 
D. THE ACTION OF NERVES ON SKELETAL MUSCLE 


Examine with the microscope (1) a piece of frog’s muscle teased 


in 0-75 per cent. NaCl; (2) a preparation showing the endings of 
nerve in muscle. 
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_ MetHops.—The action of nerve on skeletal muscle may be 
investigated in two ways—(1) by stimulating the nerve, (2) by 
throwing it out of action. 

Connect up an induction coil for single induced shocks, using 
the pin electrodes provided (see Appendix, p. 78). 

1. The frog supplied has been killed by destroying its brain. A 
ligature has then been placed low down, round all the structures of 
one thigh excepting the sciatic nerve, and a dose of curare has been 
injected under the skin. The curare has thus 
acted on the nerve, but has been prevented by 
the ligature from reaching the gastrocnemius 
muscle. (Fig. 22.) 

Describe the condition of this frog compared 
with the normal one before the cord was de- 
stroyed (p. 29, A. 1). 

What has been the effect of the curare ? 

Expose the sciatic nerve on the side opposite to 
the ligature (p. 30,3). That on the ligatured side 
is already exposed. Now apply the electrodes 
to the structures indicated below, and stimu- 
late by closing and opening the mercury key, 


noting what happens in the muscles. Wic. 29 To bhow 
(i) Limb exposed to curare (unligatured). the parts of the 
(a) Sciatic nerve ; (b) Gastrocnemius muscle. frog acted upon 
(ii) Limb protected (ligatured). (a) Sciatic 2 Vaden ea! a 
nerve (above where ligature was applied) ; (b) (From Noal Paton's 
Gastrocnemius muscle. Essentials.) 


Record the results on the appended table : 


re . | 
Curarised. Protected. 


Nerve 


Muscle . 


Now formulate your conclusions as to—1. What is the influence 
of nerve upon skeletal muscle. 2. What is the influence of curare 
upon (a) nerve, (b) muscle, and (c) the junction of nerve with muscle. 


Can a Muscle be Stimulated without the Intervention of the Nerve ? 
Try to answer this question from the results of the last experiment. 


E. THE STIMULATION OF NERVE AND MUSCLE 


A. MECHANICAL, THERMAL AND CHEMICAL STIMULI. 


In the protected leg of the frog used in the last experiment or 


in another frog, cut the sciatic nerve high up. Note the contraction 
D 
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of the muscle on cutting and afterwards on pinching the peripheral 

part (Mechanical stimulation). Now apply a hot wire to the 
end of the nerve (Thermal stimulation). Snip off the end and 
apply a crystal of common salt to the fresh end (Chemical 
stimulation). 


B. EvrcrricaL STiMvtti. 
I. The Isolated Nerve-Muscle Preparation of the Frog 
1. Galvanic Current. 

Using the galvanic current either from the galvanic terminals of 
the switch-board, or from two Daniell cells in series with a rheocord 
in the circuit (Appendix, Fig. 72) with ordinary thick wires, not pin 
electrodes, study the stimulation of nerve and muscle, using the 
sciatic nerve prepared as before, isolating the nerve to the top of 
the thigh and cutting it across as high up as possible. Lay the 
nerve across the wires. Stimulate by closing and opening the 
mercury key, allowing a second or two to elapse between each 
stimulation, and increasing the strength of the current by moving 
the handle on the switch-board from W to S, or by moving the 
bridge of the rheocord. Note any difference at making and at 
breaking the current, taking the contraction of the muscles as an 
index of the stimulation of the nerve. 


2. Do the Two Poles act in the same way ? 

Dip the end of the nerve furthest from the muscle momentarily 
into boiling water to kill it. This part will not now respond to the 
electric current although it will conduct it. 

Place the dead bit over one wire and the nerve near the muscle 
over the other. Now make and then break the current (1) with the 
anode on the living bit of nerve, and (2) with the cathode on the 
living bit of nerve; note the effect of each on the muscle and 
record your results: 


1. ANODE. 
IM ake itmectemcuncs aoe eee 
‘Breakers erty ari ecarece 


2. CATHODE. 
IH eto eee Rear Og On 
[Bren lcon ceria aren eee 


What conclusions do you draw as regards the action of each 
pole at making and breaking ? 


II. Faradic or Induced Current. 

That the current instantaneously induced in the secondary coil 
by closing or opening the primary circuit stimulates nerve has 
already been learned in the curare experiment above. With the 
two electrodes from the secondary coil of an inductorium applied 
to the living bit of nerve in the preparation just used gradually 
weaken the induced current by moving the secondary coil away 
from the primary, and note that the stimulation on breaking con- 
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tinues after that on making has disappeared. Explain this from 
your knowledge of the physics of the induction coil (Fig. 23). 


Lesson VII. To be provided for each pair of Students. 


1. Frog killed, one thigh ligatured with exclusion of sciatic nerve, and 
curare injected.—2. Induction coil, cell, wires, electrodes and keys.—3. Three 
Daniell cells in series or electric supply from accumulator with resistance or 
rheocord to vary the strength of the current, keys and wires. 


For the Class. 


1. Microscope with piece of frog’s muscle teased in 0°75 per cent. NaCl.— 
2. Microscope with preparation to show the endings of nerve in muscle. 


Secondary 
Circuit 


Primary 
Circuit 


Fic. 23.—The lower line shows the current as it develops in the primary 
circuit (shaded part) on closing and on opening; the upper line shows 
the instantaneous appearance and disappearance of the current in the 
secondary circuit and the greater strength of the current induced on 
opening. In the induced current there is no separation of the make 


and break. 
(From Noél Paton’s Egsentials.) 


Lesson VIII 


Stimulation of Nerve and Muscle through the Skin in Man by the 
Galvanic Current 


Connect wires to the terminals on the switch board G (galvanic 
current) or lead-off from three Daniell cells in series introducing a 
rheocord into the circuit (p. 76). Introduce a commutator to change 
the direction of the current when desired (Figs. 85 and 86). Put 
some saturated salt solution in a basin and fix the end of one wire to a 
flat zine electrode placed in the solution. To the end of the other 
wire attach a second flat zinc electrode, placing a bit of chamois 
leather saturated with the salt solution between the electrode and 
the skin. Dip the fingers of the left hand into the salt solution and 
apply the second electrode over the back of the thenar muscles. 

First use the cathode. Beginning with a strong current, record 
the results which follow making (closing) and breaking (opening) 
the current. Then, by moving the handle on the switch-board from 
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S to W or by means of the rheocord, reduce the strength of the 
current, and again record the results which follow making and 
breaking the current. 

Now reverse the direction of the current by means of the com- 
mutator,! so as to make the pole over the muscles the anode, and 
again study the effects of strong, medium, and weak currents at 
making and breaking. 


Dish of 
aaulle, Sell 


Electrode 


3 Commutato 


Fie. 24.—Electrical Stimulation of Muscle through Skin. 


Note that the cathodal closing stimulus is the most effective 
and the cathodal opening the least effective, and that the anodal 
closing and opening fall between them. 

Compare these results with the results previously obtained on 
the isolated nerve-muscle of the frog (p. 34, BI.). 

The difference between the effects of stimulation of a nerve 
through the skin and those which follow stimulation with the 
electrodes directly applied to it along its course is due to the fact 
that in stimulating through the skin the current passes not along 
but across the nerve, so that at the same point one side is under the 
influence of the pole placed above it and the opposite side under 
the influence of the other pole (Fig. 26). 

(Read Electrical Stimulation of Nerve in Text Book.) 


Tor PassaGE OF AN IMPULSE ALONG A NERVE 


MetHop.—Place a two-way key in the secondary circuit of an 
induction coil, and connect a pair of pin electrodes with each pair 
of the terminals, so that the current may be sent into one or 
other of the pairs of electrodes (see p. 82). Make a nerve-muscle 
preparation with the nerve complete to the spinal column, arrange 
the preparation on the frog-board and place the nerve upon the 
electrodes—one pair near to and one pair as far as possible from 
the muscle. Bring the lever against a very fast drum, and take a 
separate tracing of the muscle twitch with the nerve stimulated 
through each pair of electrodes. Finally, put a time tracing of 
109 Of a second on the drum and measure the length of nerve 
between the two pairs of electrodes (Fig. 25). 


1 See Fig. 85, Appendix. 
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= ¥a 
{ ) q 2 
7 re V6 
Oe 
Fic. 25.—Arrangement for investigating the rate of passage of an impulse 
along a nerve. (From Noél Paton’s Essentials.) 


Q 


F. WHAT HAPPENS TO A MUSCLE DURING 
CONTRACTION ? 


Examine the biceps muscle when the forearm is flexed, and 
formulate the results of your observations. 


1. Extent of Contraction. 
With the hand in supination and the forearm wo resting 


a 


2 ee a et 
Saga +2+ 
B Pg ke aia D De aaa 
eres : te : 
: Pent : tee ireiae 


aera menel © ne es 
. . om Me ee Ser | 
a Mg a ae a on - 
: 
. Dey hae me . 
er ae a he . ‘a 
A aT eae ek Tae Seay awn 8) 


Fic. 26.—To show the stimulation of nerve or muscle under the skin at the 
cathode and at the anode on closing and on opening. 
(From Noél Paton’s Essentials.) 
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on the table measure the length of the biceps. Now flex the forearm 
to a small extent and measure the space through which the hand 
has been lifted. 

From the elbow joint measure the length of the forearm and 
hand to the finger-tips, and also to the insertion of the biceps. 
Make a diagram, and from these data, and from your knowledge of 
the mechanism of levers, calculate the extent to which the muscle 
has shortened. 

Extent of contraction 

__ length of lever from fulerum to power y height of lift of hand. 

length of lever from fulerum to point 


2. Force of Contraction. 

Lift a weight of 2 kilograms in the hand, as in the previous experi- 
ment, and calculate what weight directly applied to the biceps 
muscle this represents. 


_ length of lever from fulcrum to weight 
length of lever from fulerum to power 


x weight lifted. 


This is a measure of the force of the particular contraction. 


Dynamometer.—Study the dynamometer provided, and deter- 
mine the force of contraction of the flexors of each hand. 


8. Work Done. 


From the extent of shortening of the muscle, and from the weight 
lifted, calculate the work done by the biceps muscle. 


Work done = weight lifted <x extent of contraction. 


Lesson VIII. To be provided for each pair of Students. 


1. A galvanic current from an accumulator or from a series of cells. A 
resistance or rheocord. A commutator with crossed wires. Mercury key. 
—2. Wires with two flat zinc electrodes, one covered with chamois leather, 
and two jelly cans containing saturated NaCl solution. Dynamometer. 


Lesson IX 


The Course of Contraction of a Muscle 


MrtHop.—Make a frog’s gastrocnemius muscle record its change 
upon a moving surface. 

A. Apparatus. 

(1) Prepare an Induction Coil for single induction shocks, putting 
the Drum, covered with smoked paper, in the primary circuit, so 
that the two strikers below the drum make and break the circuit 
as the drum revolves, and putting a short-circuiting friction key 
in the secondary circuit (Fig. 27). The direction of rotation may 
be reversed by crossing the driving cord. 

(a) Always keep the key in the primary circuit open except when 
using the current. 
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(6) Always keep the key in the secondary circuit closed except 
when stimulating. 

(c) Keep the driving cords clear of the switch-boards. 

(2) With the key in the secondary circuit open, move the drum 
with the hand in the direction in which it is driven by the string 
so as to make and break the circuit and test the current passing 


Fic. 27.—Arrangement for recording the Course of Contraction of Muscle, 
using switch-board instead of cells. 


1. Induction Coil. 2. Drum. 8. Frog-board. 4. Mercury Key. 5. Friction’Key. 


to the electrodes by applying them to the tip of the tongue. If no 
current can be detected— 
(a) See that wires are not broken. 
(6) See that all metallic contacts are bright and close. 
(c) See that no short circuits are present. 
(3) Arrange the driving cord of the drum to give a fairly rapid 
speed. (Spindles—Large to Middle.) 
If two students are working together it is convenient to introduce 
two strikers under the drum in a straight line with one another, so that 
each revolution of the drum will give two stimulations of the muscle. 


Fia. 28.—Incisions for Separation of Hind Legs. 


B. Muscle-nerve Preparation. 

When everything is ready, and not before, make a nerve-muscle 
preparation. 

(1) Kill, decapitate, and pith a frog (p. 31). Then remove the 
anterior part by three cuts (Fig. 28), taking care that the third cut 
leaves a piece of the vertebral column connected with the iliac 
bones. One or other of the following methods may then be used :— 

1. Place the frog belly downwards on a frog-board, and divide 
the skin at the ankle by a circular incision; expose the tendo 
Achillis and pass a thread under the tendon and tie it just above 
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the sesamoid bone. In this way a ligature is attached to the 
muscle without damage to or irritation of its fibres. Or alternatively 
a small hook may be passed through the tendon just proximal to 


Fig. 29. Fic. 30. 
Diagrams of a muscle- and nerve-preparation. (Pembrey and Phillips.) 
Fic. 30.—The first stage of dissection. 


Fig. 31.—The second stage of dissection. The sciatic nerve exposed and the 
gastrocnemius muscle covered by skin. 


the sesamoid bone. The tendon is divided below the sesamoid 
bone, and a pull upwards towards the knee frees the gastroc- 
nemius muscle and the skin from 
the remaining structures of the 
leg, which are cut away just below 
the knee (Figs. 29 and 30). The 
gastrocnemius muscle is protected 
from drying and from contact 
with foreign substances by draw- 
ing down the “ trouser” of skin. 
Isolate the sciatic nerve and cut 
it across as high as possible. 

2 (i) Skin the hind legs. Lay 
the legs down with the dorsal 
aspect upwards. Raise the uro- 
style in forceps, holding the lower 
end and cut up each side. Cut 
it across at the base, taking 


Back Wwew 


es A egaeen oY care not to cut the nerves beside it 
(Fig. 31). 
(ii) Carefully divide the pelvis vertically in the middle line. 
(ui) Divide the spinal column and any soft tissues remaining in 
the middle line (Fig. 32). Slip the points of the scissors between 
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the nerve and the iliac bone and cut through the bone near the 


spinal column (Fig. 33). 


Fic. 32.—To show division of frog 


in middle line. 


Fic. 34.—To show isola- 
tion of gastrocnemius 
muscle. 


Thus one complete half is available for 


Fia. 33.—To show section of iliac 
bone and separation of nerve. 


each pair of students. (iv) Dissect out 
the sciatic nerve from the spinal column 
to the lower end of the thigh with a glass 
rod (Fig. 33). (v) Now separate the 
muscle from the tibia and cut through 
the fascia of the sole of the foot into 
which the gastrocnemius muscle is inserted 
leaving a good length of it (Fig. 34). 
(vi) Cut away all the thigh but the lower 
end of the femur (Fig. 34), taking care not 
to injure the nerve. (vii) Cut through the 
tibia below the knee (Fig. 34), viii, and 
thus remove it and the foot. 

C. Bring the Preparation on to the Frog- 
board (Fig. 36). 

(1) Lay the muscle and nerve upon a 
piece of blotting paper thoroughly saturated 
with 0°75 per cent. NaCl solution and 
placed on the cork plate of the frog- 
board. (2) Attach the tendon by a thread 


and hook or clip to the middle hole of the short limb of the crank 
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lever. (3) Fix the femoral end of the muscle to the cork plate by 
a pin passed through the medullary cavity of the femur, so that 
the lever is supported in a horizontal position by the thread (Fig. 
36). (4) Put a small weight, 5 grms., on the lever just clear of the 
stand. (5) See that the lever is not resting on the screw-pin below 
it. (6) Place the nerve upon the electrodes, which may be fixed 
to the cork by a pin. (7) Make and break the current by moving 
the drum with the hand in 
one direction so as not to 
displace the strikers, and 
move the secondary coil out 
till breaking alone causes a 
contraction. 

D. Take Trace. 

(1) Now bring the point 
of the lever close to but just 
not touching the smoked 
surface of the drum, (a) 
pointing it in the direction 
in which the drum travels, 
(b) and taking care that the 
movable base-piece of the frog- 
board is pushed thoroughly 
home, so that the lever may 
be swung off and replaced 
: with exactly the same pres- 
Fig. 35.—Myograph stand with crank lever. Sure on the drum when re- 

quired. (2) With the finger 
raise the lever, and if necessary adjust it by twisting the attach- 
ment so that it moves in the vertical plane. (3) With the key in 
the secondary circuit closed start the drum, and, when it is revolv- 
ing steadily, open the key in the secondary circuit so that the 
current may reach the electrodes and nerve. When the muscle 
is stimulated it contracts and pulls up the lever. The phantom 


Fie 36. 


trace so obtained gives a good idea of the probable course of the 
twitch on the drum. If satisfactory push the lever lightly against 
the smoked paper and make a record of the twitch. (4) Whenever 
the two records are made, close the key again and stop the drum. 
(Don't reverse the drum and don’t move the stand of the frog-board.) 
K. Mark the Moment of Stimulation. 
To mark the moment of stimulation, revolve the drum slowly with 
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the hand, keeping the key in the secondary shut till the striker is 
just about to make contact, then open the key and very cautiously 
continue the movement of the drum till the muscle contracts and 
marks the moment of stimulation. Note the relationship of this 
mark, which indicates the moment of stimulation, to the upstroke 
which marks the contraction. 

F. Make a Time Trace. 

(1) Swing the lever off the paper by using the basepiece (do not 
move the drum or the myograph stand). (2) Run off a time trace 
in ;}o sec. with the tuning fork (p. 28). 

Make two tracings, one for each Student. 

G. Record the Nature of the Experiment. 

With a pin or other sharp-pointed instrument write upon the 
paper the nature of the experiment, your name and the date and 
direction in which 
trace is to be read. 

H. Fix the Trace. 

Removethe paper 
from the drum, and 
fix the trace by 
passing it through 
photographic — var- 


nish. Hang it up ee 


I. When dry read 
the trace, and work Fic. 37. 


Single contraction of gastrocnemius in 


out the results— response to a maximal make shock. 
(a) The Duration Muscle loaded with lever and 30 grms. at axis of lever; actual load 
: on muscle, 6 grms. Magnification, 5. Temp., 15°C. Time 
of—Ist. The time marker, 100 per sec. (A.P.B.) 


between the appli- 
cation of the stimulation and the contraction. 

2nd. The time taken up by the contraction. 

3rd. The time of relaxation. 

(b) Extent of Contraction. Measure the extent of movement and 
the length of each limb of the lever, and calculate the actual shorten- 
ing of the muscle as in I, p. 37. 

Measure the length of the muscle, and calculate the percentage 
shortening. 

(c) Weight Lifted. Measure the distance of the weight from the 
fulcrum, and calculate the actual weight lifted by the muscle as 
10 Fn OS Lo 

(d) Work Done. Calculate the work done by the muscle asin 3, p. 38. 

Preserve the trace and the calculations in your note-book as usual. 


Lesson IX. To be provided for each pair of Students. 

1. Induction coil, keys, wires and pair of electrodes.—2. Bottle of 0°75 
NaCl solution.—3. Strips of blotting paper.—4. Myograph stand and lever. 
—5. Drum.—6. Tuning fork beating 100 times per second with marking wire 
attached.—7. Frog. 
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Lesson X 


G. INFLUENCE OF VARIOUS FACTORS UPON MUSCULAR 
CONTRACTION 


Arrange an experiment in the same way as the last, and then 
proceed as described in 1, 2, 3,4 and 5. In each experiment mark 
the moment of stimulation. 


Each pair of students does one or more of the following experiments, 
and then compares their tracings with those of others doing the other 
experiments. 


1. Effect of the Length of the Muscle on the Contraction and Work Done. 

A. With the screw-pin below the lever well depressed, attach a 
weight to the lever such that the muscle in contracting raises it to 
near the maximum (about 10 grms.), and with the muscle thus 
lengthened by the weight record a contraction. 

B. Now screw up the pin below the lever so as just to prevent the 
weight stretching the muscle. Adjust the level of the drum so 
that the lever marks on the same base line as before, and again 
take a trace over the last on the drum. 

Mark the moment of stimulation, etc., as before. Fix and 
compare the two traces, and work out the extent of contraction 
and the work done in each. 


2. Influence of Load. 

1. On the course of Contraction. Mrtruop.—(1) Take a trace of a 
muscle twitch in the usual way but with no weight on the lever. 
(2) Closing the key in the secondary circuit when the trace is made, 
stop the drum and swing the lever off. (3) Hang a weight of 10 grms. 
on tho lever so that the thread from the muscle and that from the 
weight are equidistant from the fulcrum, or each at a measured 
distance from the fulcrum. (4) See that the lever is not resting 
on the screw pin. (5) Lower the drum till the point of the lever 
marks the same abscissa as before and take another trace when the 
drum is running uniformly. (6) Repeat the experiment till all the 
weights of the series supplied have been used. If the lever is much 
depressed, shift the pin holding the muscle to make it again 
horizontal ; but, in doing so, do not move the stand. Number the 
traces, and, having calculated the actual weight applied to the 
muscle (p. 43, I.c¢.), note it upon the drum (Fig. 38). 

Mark the point of stimulation, take a time trace and fix. 

2. On the Extent of Contraction. Mrruop.—Proceed as in p. 47, 
4, 2, but instead of varying the strength of the stimulus go on in- 
creasing the weight attached to the lever, when necessary adjusting 
the level of the drum, and mark under each upstroke the weight 
used, calculated as directly applied to the muscle (Fig. 39). 

Make a diagram, showing and comparing the work done with 
each weight. 
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3. Effect of Varying the Temperature. 

MetHop.— After recording a normal twitch, swing the lever off 
the drum by the base-piece, and cool down the muscle by pouring 
ice-cold saline over the muscle. A minute or so latet swing the 
lever on to the previous abscissal line. raising or lowering the drum 


Fia. 38.—The effect of load upon the contraction of the gastrocnemius 


muscle. (A.P.B.) 
if this is necessary, and when the drum is again running at uniform 
speed take another trace over the first. 
Again swing the lever off the drum by means of the base-piece 
and then, proceeding in the same way, warm the muscle by allow- 
ing normal saline at 25° C. to run over it for 2 or 3 minutes, 


4 


delat ae ae ; 


5S 
100 200 “300 400 500 600 700 800 300 1000 1100 i200 1300 cs 


Fic. 39.—Height of contractions of gastrocnemius with increasing load. 


The number above each contraction is its observed height in mm Magnification, 5. The number 
below each contraction is the weight in grm. hung at the axis of the lever; the actual load 
on the muscle was half of this number. (A.P.B.) 


and take another tracing. (Put a plate under the frog-board to catch 
the solution.) . 

Number the curves, and note “ normal,” “ cold,” and “‘ warm ”’ 
upon them. 

Take a time trace, fix, and work out as on p. 43, I. (a), (0). 
4. Effect of Varying the Strength of the Stimulus. 

1. On the Course of Contraction. MrtHop.—Starting with the 
lever off the drum find the smallest stimulus which will give a 
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contraction, i.e. find the furthest point of the secondary coil from 
the primary at which a contraction can be got. Then take a trac- 
ing as described above and note the position of the secondary coil. 
Now push the secondary coil nearer the primary, note its distance, 
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Fra. 40.—The effect of temperature upon the contraction of the gastrocnemius 
muscle. 


The time is marked in ;3, second. The tracing should be read from right to left. Figures on 
curve are the temperatures of the salt solution. (Pembrey and Phillips.) 


and take a second record when the drum is running at a uniform 
speed. Repeat this, each time moving the secondary coil nearer 
the primary. Number the curves and write upon the drum*the 
distance of the secondary coil from the primary in each. Mark 


take Sileso3 
MB MB MS 
16 ‘iS 14 


Fia. 41.—Heights of contraction of a muscle with different strengths of stimuli. 


M marks the make and B the break of the primary circuit. The numbers refer to the distances 
in ems. of the secondary from the primary coil. (A.P.B.) 


the point of stimulation, take a time tracing and fix. Study the 
effect of varying the strength of the stimulus on (1) the duration 
of the phases and (2) the extent of contraction. 

If, with the strongest stimulus used, a shoulder should appear 
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on the ascent of the curve, consider 
how it has been caused. 

2. On the Extent of Contraction — 
(1) Disconnect the drum from the 
primary circuit, twist the ends of the 
wires together, and use the mercury 
key to make and break the current. 
(2) Bring the lever against the drum 
unconnected with the driving wheel 
and, with the drum stationary, record 
the contraction of the muscle un- 
loaded, then moving the drum about a 
quarter of an inch between each record, 
and keeping the make and the break 
upstrokes separate, the effect of the 
minimal effective stimulus (make and 
break), and of stronger and stronger 
stimuli. 

Mark under each upstroke the dis- 
tance of the secondary coil from the 
primary, fix, and work out as on p. 43, I. 


(0), (¢), (d). 


5. Effect of Continued Exercise. 

(This should be done after 1, 2, 3, or 
4 on the same preparation.) 

MetHop.— Having arranged the ap- 
paratus for taking a trace of a muscle 
contraction, start the drum and let 
the muscle be stimulated, and record 
its contraction with each tenth revolu- 
tion of the drum. To do this, after a 
contraction or two contractions are re- 
corded, swing the lever off the paper 
by the base-piece of the stand ; let the 
muscle make nine contractions, then 
swing the point of the lever on and 
record the next two contractions. Re- 
peat this process as long as the muscle 
contracts. Number the curves and 
write on the drum the number of stimuli 
which have preceded each. In this 
way study the effect of continued exer- 
cise on muscular contraction (Fig. 42). 

Take a time tracing, fix, and work 
out as on p. 43, I. 

After taking each trace formulate 
your conclusions as to the effect of the 
particular condition. 


Every 


Time tracing, 100 


sto show the change in contraction as the muscle becomes fatigued. 


Series of contractions of gastrocnemiu 


Pie. 42. 


47 


Temp., 12°C. 


Magnification, 5. 


grms. 


Actual load on muscle, 10 


twentieth contraction recorded. 


(A.P.B.) 


per sec. 
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The Result of Continued Exercise on the Neuro-muscular Mechanism 
in Man.—Msrtuop.—Fit the hand and arm in a Mosso’s ergograph, 
to the hook of which a weight of 3 kilograms has been attached. 
Bring the writing point against a very slowly moving drum. Set a 
metronome beating about sixty times per minute, and as each beat 
is heard raise and lower the weight with the finger to the fullest 
extent as long as it is possible to move the weight, then study the 
record of the onset of fatigue upon the drum. Note the time taken 
by your watch. Compare your record with those of others. 

The trace upon the drum must not be looked at during the 
experiment. 

(Read Simple Muscular Contraction and factors modifying it 
in Text Book.) 


Lesson X. Apparatus as in last lesson. 
1. Series of weights to attach to lever 5-10—20-30 gms.—2. Normal saline. 
a, at room temperature; b, iced; and c, at 30°C. 


To be provided for Class. 
Mosso’s Ergograph. 


Lesson XI 


6. The Effect of a Rapid Succession of Stimuli. 

MetuHops.—l. With a fast drum, arrange the two strikers on the 
axle, well apart from one another, and, with breaking shocks, take 
a trace of two muscle twitches near the bottom of the drum. Mark 
the moments of stimulation. Then approximate the strikers so 
that the second contraction will be produced before the first has 


Fia. 43.—Arrangement for investigating the Effect of a Rapid Succession 
of Stimuli. 
1. Induction Coil. 5. Friction Key. 
2. Drum. 6. Vibrating Spring with Cup containing Mercury. 
3. Frog-board. 7. Gear for producing Slow Rotation of the Drum. 


4. Mercury Key. 


ceased, move the drum so that the lever writes at a higher level, 
and take a trace. 

Note the Telationship of the second contraction to the first, 
upon which it is superimposed. Mark the moments of stimulation, 
and take a time trace (Fig. 44). 
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_ 2. Now disconnect the drum from the primary circuit and 
introduce a spring (Fig. 43). Adjust the current to stimulate on 
breaking. (1) Set the drum going slowly (slow gear—large spindle 
to small), and set the spring so that it makes and breaks three to 
five times per second (timing with your watch), and note its length, 


S 


DU LUM ISI UII 


Fic. 44.—Effect of two successive maximal stimuli, with gradually diminishing 
intervals, upon the gastrocnemius. To be read from below upwards. 


Time tracing, 50 per sec. In the two upper curves are shown both the contraction in response 
to the first stimulus alone and the combined contractions caused by the two successive stimuli. 


(M.S.P.) 


The arrangement shown in Fig. 45 may be used. Bring the point 
of the lever upon the drum. Start the spring vibrating. Open 
the key in the secondary circuit and take a trace for about 3 or 
4 seconds, then close the key, but let the drum run till the lever falls 
to its previous level, then stop the drum. 

E 


50 PRACTICAL PHYSIOLOGY 


(2) Now move the lever to another part of the drum, shorten 
the spring, and take another trace of the same duration. _ 

(3) Repeat several times, shortening the spring and each time 
noting its length. ; 

(4) Finally connect up the Neef’s hammer of the induction coil— 


P.C 


al 


Fia. 45.—Diagram of the vibrating reed in circuit. 


a very short rapidly-vibrating spring (p. 80) and take another tracing. 
Take a time trace of intervals of ;!; sec. by means of an electro- 
magnetic marker. Fix the tracings and study the results of a 
succession of stimuli, and formulate your conclusions from these 
results. 

(Read Physiological Tetanus in Text Book.) 


H. CONTRACTION OF HUMAN MUSCLE. 


If frogs are not available, human muscle may be used by the 
following method. 

The wires from the short-circuiting key in the secondary circuit 
(Fig. 27, 5) are fitted with electrodes similar to those used for stimu- 
lating nerve and muscle through the skin (p. 35,) and covered 
with chamois leather. Before using the electrodes they are soaked 
in a saturated solution of common salt. 

The angled lever of the frog-board has attached to the highest 
hole in the vertical limit a thread rather longer than the frog-board 
with a slip noose at the end. 

The recording limb of the lever should be short and a weight of 
40 or 50 grms. should be tied to it. 

A wooden platform, readily made from an old box, is placed on 
the table behind the frog-board and the top should be at the height 
above the ground of the subject’s elbow when standing beside the 
table. 

The forearm is bared and its dorsal aspect rested upon the plat- 
form with the fingers in the natural position of semi-flexion. A 
piece of tape fixes the first phalanges to the board and another 
piece is placed round the forearm to steady it. The noose is now 
placed round the terminal phalanx of the middle or ring finger, and 
by altering the position of the arm or the platform the thread is 
tightened till the recording limb of the lever is horizontal. 
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The skin below the elbow is well moistened with salt solution 
and the subject holds the flat electrode upon it. 

The experimenter finds the 
motor point for the flexor sub- 
limis digitorum acting upon the 
finger used and marks it with a 
skin-pencil so that the electrode 
may, each time it is used, be ap- 
plied at exactly the same spot 
and with the same pressure. 

Having adjusted the second- 
ary coil so that a good contrac- 
tion to breaking the primary 
circuit is obtained, the point 
of the lever is swung against 
the drum. The drum is started 
and when revolving uniformly 
the short-circuiting key in the 
secondary is opened and a 
contraction recorded. The 
moment of stimulation is 
marked in the way described 
on p. 42, E, and a time trac- 
ing in ;4,th seconds is recorded 
under the trace as described 
on p. 43, F. 

The effect of varying the 
strength of the stimulus may be 
investigated as on p. 45. 

The influence of load may be 
studied by placing a rubber 
band round the recording arm 
of the lever and the end of the 
frog-board and increasing the 
load by moving the band out- 
wards on the lever (p. 44). 

The influence of successive 
stimuli and the genesis of 
tetanus may also be studied 
(p. 48, Lesson XI_). 


J. THE CONTRACTION OF 
CARDIAC AND OF VIS- 
CERAL MUSCLE 


(L.H.) 


The fourth stimulus 
The time is marked in fifths of a second. 


The second and third stimuli during systole were ineffectual. 


is represented by the down stroke. 


and 4. 


48.—-Record of contractions of a Stanniused Ventricle. 


Fic. 


1. Character of a Single Ven- 
tricular Contraction (Cardiac 
Muscle). 

Use the body of the frog from which you made your muscle 
nerve preparation. Expose the heart as described in Lesson XIV. 
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p. 60, and separate the sinus from the auricles by applying the first 
Stannius ligature (p. 63). 

After the ventricle has been stopped take a trace on a moderately 
fast drum (fast-gear—small spindle to the largest on the drum) of the 
contraction caused by touching the ventricle. The touch will 
record the moment of stimulation on the drum. ‘Take a time trace 
in ,'yth sec. and measure the duration of the phases. Try to in- 
duce tetanus by direct application of a rapidly interrupted Faradic 
current. 


2. Character of the Contractions of Visceral Muscle (Rectum of Frog). 


Kill a frog and open the abdomen. Identify the rectum and fix 
the clip from the frog-heart lever to its wall half an inch or more 
from its termination. Raise the lever so as to stretch the rectum 
and bring the point against a very slowly rotating drum. Take a 
tracing of the movements. By pinching the rectum with forceps 
a mark will be made on the drum and the intestine will be stimulated 
to contract. Note the long latent period. A drop or two of a 
2 per cent. solution of barium chloride or a drop of 1 in 1000 adrenalin 
solution may be applied with a glass rod and the effect studied. 

Take a time trace in seconds. 

This experiment may very well be done on a frog which is after- 
wards to be used for heart or for muscle nerve experiments. 

Under the microscope examine teased preparations of skeletal, 
cardiac and visceral muscle fibres. 


Stimulation of the Endings of the True Sympathetic Nerves by Adrenalin. 


Mix one or two drops of 1 in 1000 solution of adrenalin with about 
5 c.c. of Ringer’s solution. 

Take two deep watch glasses and fill one with the solution of 
adrenalin and the other with Ringer’s solution. 

Remove the eyes from a frog used in one of the previous experi- 
ments and place one in each of the glasses away from a very bright 
light. Study the condition of the pupil in each for, say, two minutes. 

The dilator pupillz is supplied by the true sympathetic nerves 
and their endings are stimulated by adrenalin. 


Lesson XI. Apparatus as in last lessons. 


Tetanus Spring. Microscopes with specimens of teased cardiac and viscera 
muscle. Solution of 2 per cent. barium chloride and of adrenalin 1 in 


1000. 


Section III 
CIRCULATION 


Lesson XII 
HEART 


I. Structure. 


(Drawings should be made of the various structures and a Text 
Book of Anatomy may be consulted.) 


1. Use the sheep’s heart supplied. Open the right auricle by a 
horizontal cut. Open the right ventricle either by an inverted V 
incision as demonstrated or by passing scissors down the pulmon- 
ary artery into the ventricle and snipping through the anterior 
wall. 

Examine the tricuspid valve and papillary muscles. 

Slit up the pulmonary artery and examine the semilunar valves. 

Open the left auricle and ventricle by a vertical antero-posterior 
incision through the left auriculo-ventricular orifice and middle of 
the aorta. This is best done by laying the heart on its anterior 
surface and cutting from behind. Examine the mitral valve and 
papillary muscles, the relations of the anterior cusp of the mitral to 
the posterior aortic wall and the aortic semilunar valves and mouths 
of the coronary arteries. 

On the septum between the ventricles note that a special band of 
muscular fibres passes from the auricles to the ventricles. 

2. On models of the thoracic organs, study the attachments 
and relations of the heart to the anterior and posterior chest walls, 
to the central tendon of the diaphragm and to the lungs. Note that 
the lungs, heart and great vessels completely fill the thorax. 

3. In a boiled heart of a sheep, twist off the auricles, aorta and 
pulmonary artery, and examine the auriculo-ventricular and 
pulmonary fibrous rings from which the muscular fibres rise. 

Clear the visceral pericardium off the ventricles and study the 
course of the muscle fibres. 

4. In the longitudinal section of the heart of a mouse under a 
low power of the microscope, study the various parts. 

54 
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5. Dissect the heart of a dead frog. Identify the sinus, auricles, 
ventricle and bulbus arteriosus (Figs. 49, 56, 57, 58, 59). 

Thrust a small test-tube down the gullet to stretch it, and dis- 
sect out the vago-sympathetic nerve and 
follow its cardiac branch down to the P 
heart. 

The inspection of the frog’s heart in 
action (p. 60, Lesson XIV. I.) may with 
advantage be taken here if the supply of 


3 
. . “ 
frogs is sufficient. ‘ 
~ é 
\ 
li 


The External Manifestations of the Fie. 40 Heart of frog 
Cardiac Cycle in Man from behind. 


2 


E : 1. Ventricle. 4. Sinus. 
1. The Cardiac Impulse—Cardiograph. 2. Auricle. 5. Great Veins. 


Get ready and study the mode of action * Crescent: 8. Aorta. 
of a cardiograph (Fig. 50), which should have a long lever on the 
recording tambour. 

(1) Find the position of the cardiac impulse on the front of the 
chest of a fellow student and investigate its characters. 

(2) Mark its position with an aniline pencil and then apply the 
cardiograph with the button upon the impulse. Adjust the pressure 


Fic. 50.—Marey’s cardiograph. 
The tube is connected with a recording tambour. Pressure is adjusted by the screw and spring. 


of the button by means of the screw till the lever gives the largest 
possible excursion, and take a tracing on a slow-moving drum. 
This is best done with the subject seated and leaning forward and 
to the left. The breath may be held in expiration for a few seconds. 
Take a time tracing in ;', seconds. Make an enlarged drawing of a 
part of the trace and try to explain the various elevations and 
depressions. 
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2. Sounds of the Heart. 

With the stethoscope provided, listen over the cardiac impulse 
and over the second right costal cartilage. Put a finger on the 
cardiac impulse and try to time the sounds heard in relationship to 
this. Note the characters of the sounds. 


3. The Arterial Pulse (see p. 57). 


III. Cardio-pneumatic Movements. Do the Movements of the Heart 
cause Movements of the Air in the Air Passages ? 


Fill the mouth, nose and pharynx with tobacco or other smoke. 
Hold the nostrils. Insert in the mouth the wide end of a wide bore 
glass tube drawn to a somewhat fine point. Stop breathing and 
keep the glottis open. Note any movement of the smoke in the 
tube, and time it with the cardiac impulse. 

What conclusion do you draw as to the influence of the cardiac 
cycle upon the movements of air in the air passages ? 


Lesson XII. To be provided for each pair of Students. 


1. Sheep’s heart, fresh or preserved in formalin.—2. Dead frog, preserved in 
formalin.—3. Cardiograph and recording drum.—4. Stethoscope.—5. Long 
wide bore glass tube, drawn to fine opening. 


For the Class. 


Microscope with a low power and a specimen of a longitudinal section of 
the heart of a mouse. Models of sections of the thorax. 


Lzsson XIII 
CIRCULATION IN THE BLOOD VESSELS. 


Examine under the microscope the circulation in the web of the 
foot or in the tongue of a frog killed by a blow on the head, or in a 
tadpole’s tail. Identify arterioles, capillaries and veins and notice 
the character of the flow in each. 


I. Schema of Circulation. 


1. General Distribution of Pressure. 

Examine a schema of the blood vessels made of elastic tubes 
and identify the parts representing arteries, capillaries and veins. 
Attach the arterial end to the water tap or to the nozzle of 
a Higginson’s syringe in a basin of water and fix vertically in 
stands the two glass tubes connected with the arteries and veins 
respectively. Cautiously turn on the water or gently pump by 
means of the syringe and measure the pressure in the arteries and 
in the veins, and calculate it in mm. of mercury. Note the effect 
of (a) varying the force of inflow by turning off and on the tap or by 


varying the force of the pumping, (6) varying the resistance to outflow 
by constricting the arterial tubes. 
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2. The Arterial Pulse. 

(a) With the finger, compress and relax the arterial tube near the 
tap at regular rhythmic intervals of about a second, so as to imitate 
the interrupted inflow of blood from the heart or compress the syringe 
rhythmically at this rate. Note the effect of this upon the arterial 
and venous pressures, and study the further effect of constricting 
the arterial tubes near the capillaries upon the movements of each 
of the columns of fluid. 

(6) Place a finger on the arterial tube and note the expansion, 
the pulse, with each rhythmic inflow, and repeat the observation on 
the venous tubes. Explain any difference which may be observed. 


It. The Pulse in Man. 


1. Relation to the Cardiac Impulse. 

(1) Place a finger of the left hand on the radial artery at the 
right wrist while feeling the cardiac impulse with the right hand, 
and note what is felt in the artery. Determine whether the change 
is simultaneous with the cardiac impulse. 

(2) Does the wave develop simultaneously throughout the arterial 
system or does it pass out to the periphery ? Place one finger over 
the carotid and another over the radial artery and time the appear- 
ance of the wave under each. 

(3) Place the finger on the radial artery of a companion and study 
the pulse as to (a) rate, (b) rhythm, (c) tension, (d) volume, (e) form of 
wave. 

(1) Rate—-Count the pulse for a minute. This gives the rate 
of the heart beat. (2) Rhythm.—Note whether the pulse is regular 
or irregular as to the rate and as to the strength of the individual 
beats. This indicates regularity or irregularity in rate and strength 
of the ventricular contractions. (3) Volume.—<A big pulse means a 
marked difference between the maximum and minimum pressures 
in the artery. (4) Tension or force of the pulse wave (maximum 
systolic pressure). This may be estimated by placing the middle 
finger on the radial pulse, laying the forefinger on the artery just 
above it and pressing on the vessel till the pulse is no longer felt 
under the middle finger. If a recurrent pulse comes through the 
palmar arch this may be obliterated by pressure with the ring 
finger distally to the middle finger. (5) Porm of the Pulse Wave.—- 
Does the wave come up suddenly and disappear suddenly or 
gradually ? Can more than one crest be felt on the wave? If 
a second crest can be felt it is the dicrotic crest and the pulse is 
said to be dicrotic. (6) Condition of Vessel Wall. 

(4) The Sphygmograph. Using Dudgeon’s or Marey’s sphygmo- 
graph, under the direction of the demonstrator, take a tracing of 
the radial pulse. (i) See that the clockwork of the instrument 1s 
wound up. (ii) Feel the radial pulse (note its rate). (iil) Mark 
the artery with an aniline pencil. (iv) Rest the back of the wrist 
upon a book or other support with the hand slightly extended. 


. 
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(v) See that the button on the spring of the sphygmograph is over 
the artery. (vi) Strap the instrument on, varying the tightness 
of the band to give the best range of movement. (vii) Vary the 
tension of the spring by means of the eccentric till the largest range 
of movement of the lever is secured. (viii) Slip the smoked paper 
over the roller under the wheels and under the point of the lever, 
using a pin to raise the point of the latter if necessary. (ix) Now 
start the clockwork and run off a tracing. (x) Mark upon it the 
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Fic. 51.—Dudgeon’s sphygmograph. 


name and age of the subject, the date and the rate of the heart per 
minute, and fix it. Copy it carefully, and try to explain the various 
elevations and depressions with reference to the events in the 
cardiac cycle as shown by the cardiograph (p. 55). 

(Read the Arterial Pulse in Text Book.) 


Ill. Blood Pressure in Man 

Make an observation of the arterial blood pressure of a companion 
by the Riva Rocci Instrument or other similar apparatus. 

(a) Examine the manometer and see that the mercury is at 
Zero. 

(6) Enclose the upper arm of the subject (who should either have 
been reclining or sitting quietly for at least 5 minutes) in the armlet 
and, with the arm horizontal and at the level of the heart, place 
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one finger on the radial pulse and raise the pressure in the instru- 
ment some 3 cm. above the point at which the pulse disappears. 
(Take care not to pull on the tube.) 

(c) Release the pressure gradually and note carefully the exact 
height of the mercury at the moment when the pulse returns at the 
wrist. This is the maximum systolic pressure. 

Repeat the observation, but instead of feeling the pulse listen over 
the artery just above the elbow with a binaural stethoscope, and 
note the pressure at which a sound is first heard (maximum systolic 
pressure), and go on slowly releasing. The sound becomes less 
sharp, but as the pressure falls again it is heard clear and sharp 
and even louder than the sound indicating systolic pressure. As 
the pressure falls still further the sound becomes dull and muffled, 
and this point indicates the diastolic pressure. 

It is obvious that if the pressure under the armlet is just sufficient 


Fia. 52.—Pulse tracing (sphygmogram) taken by Jacquet’s sphygmograph. 


ad =the period of the pulse curve, 6 = the primary, c = the dicrotic wave. 
Time marked in fifths of a second. 


to prevent the arterial pulse, i.e. the maximum systolic pressure 
from passing that it must give a measure of this systolic pressure. 

The lowest pressure in the artery, the diastolic pressure, which 
occurs between the heart beats, is given by the disappearance of 
the sharp sound, because this is caused by the constriction of 
the artery by the armlet when the pressure in it is sufficient to 
compress the artery, but at the point when it becomes insufficient 
the murmur becomes muffled and eventually disappears. 

(Read Arterial Blood Pressure in Text Book.) 


IV. Effect of Mental and Muscular Work on the Circulation and 
Respiration 
(This Experiment is better done after Respiration, p. 70.) 

A. 1. Have ready the apparatus to record the respiration from 
the nostril of a fellow student (p. 71, 6). 

2. Place the bag of the Riva Rocci apparatus round his arm. 

3. The subject holds the other hand out from the side and raises 
and lowers it as directed. The observer determines at what level 
of the hand the veins disappear while the subject is sitting still. 

the colour of the face. 
B. ee recorded (1) the respiration and (2) the systolic blood 
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pressure, (3) counted the pulse and (4) measured the height of the 
hand above the heart at which the veins collapse, make the subject 
perform 10 minutes’ strenuous mental work and again examine 
and record systolic arterial blood pressure, pulse, venous pressure 
and respiration, and note the colour of the face. 
C. Now make him take strenuous muscular exercise till he is 
breathless, and repeat all the observations. 
Formulate your conclusions as regards the effect of mental work 
and of muscular work upon— 
The rate of the heart. 
The systolic arterial pressure. 
The condition of the peripheral vessels. 
The venous pressure. 
The rate and depth of respiration. 


Lesson XIII. To be provided for each pair of Students. 


1. Schema of circulation.—2. Web of frog’s foot under low power of 
microscope.—3. Dudgeon’s sphygmograph.—4. Riva Rocci apparatus.— 
5. Stethoscope (binaural).—6. Recording tambour and tube. 


Lesson XIV 
MODE OF ACTION OF THE HEART IN THE FROG 


I. The Cardiac Cycle 


1. Study the Exposed Heart in the Frog. 

Killa frog by cutting off its head behind the tympanic membranes 
or by thrusting a stout pin into the occipito-atlantoid joint and 
destroying the brain. Thrust a thick pin down the spinal canal 
(see Fig. 20, p. 31). 

Pin the body on its back on a cork plate. Open the abdomen by 
an incision in the middle line, and carry the incision up through the 
shoulder girdle in the middle line, taking care that the point of the 
scissors does not injure the heart. Separate widely the two sides 
of the girdle, pinning each back firmly, and thus expose the heart in 
the pericardium. Snip through the pericardium and study the 
auricles, ventricle and bulbus as seen from the front. 

Study and describe the changes in shape which each part under- 
goes—the relative duration of each change in each part and the 
sequence of events in the different parts—and record your obser- 
vations. ‘Time and note the number of contractions of the ventricle 
in one minute. 

Now take the tep of the ventricle in fine-pointed forceps or pass 
a fine needle with a fine silk thread through the tip of the ventricle, 
lift it up and observe a fold of pericardium, the freenum, which is 
attached to it behind, and carefully snip this through. Then turn 
the ventricle freely forward and study the changes which occur in 
the sinus venosus, and the relation of these changes to the changes 
in the other parts of the heart. 
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2. To Record the Cardiac Cycle. 

Place the cork plate with the frog directly under the heart lever 
which should have an angled swinging glass point to decrease 
friction. Pin the frog firmly on the board by two pins close to the 
heart, but not through the vagus nerve, fix the legs also by pins and 
attach the lever to the apex by means of a small clip, or preferably 
by the thread already inserted, seeing that the thread is vertical 
(Hig. 54). Adjust the lever by its height on the stand, and by the 
spiral spring, so that each heart beat causes the largest range of 
movement. Then bring the glass point of the lever lightly against 
a lightly smoked drum ; start the drum at a slow rate (large spind'e 


Fie. 53.—Contractions of the frog’s heart by the method shown in Fig. 55. 
A = auricular, V = ventricular contraction. The time is marked in seconds. The curve should 


be read from left to right. (Lhe upstroke indicates contraction.) (L.H.) 


to small), and take a record of several cardiac cycles, watching the 
heart to see which part of the trace corresponds to auricular and 
which to ventricular contraction. (If the downstrokes and up- 
strokes are too close together drive the drum on the fast gear from a 
small spindle on the shafting to a large one on the drum.) Remove 
the lever and put a time record in tenths of a second under the 
trace. Fix the tracing. 

When fixed determine 

(1) The rate of recurrence of the cardiac cycle, i.e. the rate of the 
heart ; 

(2) the duration of the ventricular systole ; 

(3) the duration of the auricular systole, if this is marked upon 
the trace. 

(4) The duration of the bulbar wave if it is present on the trace. 
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Fie. 54.—Arrangement of frog-board and lever for frog’s heart. 
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Fia. 55.—Lever for recording the frog’s heart. (Pembrey and Phillips.) 


* With the form of heart lever (Fig. 54) the contraction is represented by 
the downstroke ; with the lever (Fig. 55) by the upstroke. 
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Il. The Initiation of Contraction 
What is the Influence of the Sinus? Stannius Experiment 


By means of a needle, pass a piece of thread under the two aorte 
and, turning the ventricle forward, tie a loose loop between the 
auricles and the sinus (Figs. 56 to 59). When the heart has 
recorded a few contractions, swing the point of the lever off the 
drum, tie the loop tightly so as to separate the auricles from the 


First Stannius 
Ligature 


Second Stannis 
Liga ture 


to 


Fia. 58 (side view) Fia. 59.—Stannius heart. The first 
1. Ventricle. 5. Aorta, and second ligatures (Hedon). 
2. Auricle. 7. Inferior Vena Cava. 
4. Sinus. 1, Auricle; 2, Sinus; 3, Ventricle. 


sinus, swing the point of the lever on and record the results. Has 
the sinus any important influence in initiating contraction ? 

Swing the lever off again and tie another loose loop round the 
auriculo-ventricular groove, and tighten it so that it exactly separates 
the auricles from the ventricle. Record the result and formulate 
your conclusion as to other parts of the heart besides the sinus 
having the property of initiating contraction (Fig. 60). 
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Lesson XIV. To be provided for each pair of Students. 


1.—Frog heart apparatus. The end of the recording lever should have a 
glass writing point, preferably angled and swinging.—2. Recording Drum.— 
3. Time marker giving 7th second.—4. Needle and thread. 


Lisson XV 
The Nervous Control of the Heart 


(1) Connect up the apparatus for giving a series of induced shocks 
(Neef’s hammer), inserting a two-way key, e.g. a commutator (see 
p. 82), without crossed wires, into the secondary circuit with two 
pairs of electrodes attached. 

(2) Set a recording drum, lightly smoked, on the slow gear, and 
drive from small to large spindle. 

Always fit up the apparatus and test that it is working properly before 
commencing to prepare the animal. 

(3) Killa frog and remove the brain in front of the tympanic rings 
by cutting the head across at that level. Then cut the spinal 
column and cord across 
between the shoulder 
blades and either re- 
move the lower part 
of the frog or pith the 
lower part of the cord, 
thus leaving the me- 
dulla oblongata  iso- 
lated and intact with 
the vagi passing from 
it to the heart. 

(4) Pin down frog 
very firmly to board. 


1. Intra-Cardiac Ner- Fig. 60.—Contraction of the frog’s heart. 

. i The effect of tightening the first Stannius ligature at first 

vous Mechanism. c gently and then firmly. The curve should be read from 
(1) Fix one pair of right to left, The time is marked in seconds. (L.H.) 


electrodes from the 

two-way key by means of a pin to the cork so that their points 
touch the crescent, which may be seen as a white crescentic mark 
between the sinus and auricles on their posterior aspect (Fig. 49). 

(2) Insert the other pair of electrodes into the medulla either 
from its cut surface or through the tympanic membranes. 

Place the bridge of the commutator to send the current through 
the electrodes on the crescent and with the point of the lever 
swung off the drum by means of the base-piece, stimulate by closing 
the key in the primary circuit and opening that in the secondary. 
If no change in the rate of the heart occurs, increase the strength 
of the current till a marked change takes place. Do not continue to 
stimulate after an effect is produced. When the rate of the heart 
has returned to the normal, swing the lever on and take a tracing as 
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above, marking with a pin upon the drum when the stimulus was 
applied and when discontinued. Let the drum run till the pre- 


Fie, 61.—Diagram of nerves in the frog’s neck. Dissection from behind. 
(Pembrey and Phillips.) 

G, Glosso-pharyngeal nerve ; C, Carotid artery ; Vs, Vago-sympathetic nerve ; Hy, Hypoglossa 
nerve ; Br, Brachial Plexus. 

vious rate of the heart is restored. Swing the lever off the drum. 

What conclusion do you draw from the result obtained ? 


Fic. 62.—Diagram of the origin of the vago-sympathetic nerve (V.S.). 


L.A.S.=levator anguli scapula muscle. Ao.=aorta. 1, 2,3, 4=first to fourth spinal nerves. 
* j lagk 
Sym.=sympatheticnerve. G@.P.=Glosso-pharyngeal nerve. G.=vagus ganglion. (Gaskell. 


Fic. 63.—Contraction of the frog’s heart. The effect of weak stimulation of 

the vago-sympathetic nerve. 

The white line marks the duration of excitation. Note the latent time, the acceleration and 
increased tone and the after-effect. The curve should be read from left to right. (Pembrey 
and Phillips.) 
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2. Extra-Cardiac Nervous Mechanism. 

Tilt the bridge of the commutator to send the current through 
the electrodes in the medulla, and, with the lever off the drum, 
stimulate and, if necessary, increase the strength of the current till 
a distinct effect is produced, stopping the stimulation whenever this 
occurs. When the heart again beats normally swing on the lever and 
start the drum. Again stimulate and take a trace, marking the 
moment of stimulation and of discontinuing it, and allowing the 
drum to run till the rate of the heart is restored. Formulate your 
conclusions. 


3. Effect of Temperature, p. 69. 


4. Effect of Drugs. 

Leaving the electrodes in position as in 1 and 2, paint the heart 
with 0-1 per cent. solution of atropine sulphate. Allow two minutes 
to elapse and then stimulate (Ist) the crescent, (2nd) the medulla. 


* = 


Fra. 66. 
Note the after effect—a staircase augmentation of the heart-beat. The stars indicate the beginning 
and end of stimulation. The downstroke represents contraction. The time is marked 

in seconds. (L.H.) 


Excitation of vago-sympathetic. 


Note any difference from the previous reaction. Take a tracing 
and formulate your conclusion. Run off a time trace in seconds and 
fix the tracings. The experiment may be tried using nicotine 1 
in 1000 saline solution. 


Is the Heart’s Action Automatic? Excise a frog’s heart with the 
sinus attached, and place it in a watch glass and study its move- 
ments, counting the number of beats per minute. 


Influence of Temperature.—Now place the watch glass upon ice 
and observe the effect. When a marked change in the rate has 
taken place and been recorded, remove the watch glass from the 
ice and place it upon the palm of the hand and record any change 


in the rate. 
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Fre. 67.—Contraction of the frog’s heart recorded by the suspension method. 


Effect of pouring over the heart normal saline at the temperatures indicated in C°. The water 
cools rapidly when this method is used, and the heart is not heated throughout its mass 
to the temperature indicated. (Pembrey and Phillips.) 
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The influence of temperature may also be investigated before 
trying the effects of drugs by pouring over the heart normal saline 
solution at about 3°, 13°, 33° C., and recording the contractions 
on a slow drum. (Fig. 67.) 

(Read the Nervous Control of the Heart in Text Book. 


Lesson XV 
Apparatus, ete., given for Lesson XIV. (p. 64). 


5. Induction coil with wires, electrodes, keys, etc.—6. Atropine sulphate 
solution, 0:1 per cent.—7. Nicotine solution, 0°1 per cent.—8. Watch-glass.— 
9. Broken ice. 


Section IV 
RESPIRATION 


Lesson XVI 


1. Changes in the Chest during Breathing 

(2) With a tape, measure the circumference of the chest of a 
companion in full expiration and in full inspiration and record the 
result. 

(6) The cyrtometer consists of two lead strips connected together. 
In using it the junction should be placed over the spinous processes 
of the vertebre and the lead strips should be moulded to the thoracic 
wall first in full expiration and then in full inspiration. After each 
application the cyrtometer is transferred to a sheet of paper, 
arranged as it was on the chest, and its outline is traced with a 

encil. 
i Observation should be made—(i) close up under the armpits ; 
(ii) at the base of the lungs, about the level of the eighth or ninth 
rib. The antero-posterior and lateral diameters are measured in 
expiration and inspiration and recorded. (Keep the records.) 

(c) Now place the middle finger of the left hand flat on the sixth 
right intercostal space in front of the chest and strike it firmly with 
the middle finger of the right hand. Do this during expiration and 
during inspiration, and note any difference in the sound produced. 
The air-containing lung yields a resonant note, the solid liver yields 
a dull note. Record your conclusion as to the vertical extent of 
the lung in expiration and in inspiration. 

(Read Text Book on the Movements of the Chest.) 


2. Changes in the Air breathed 

(1) Breathe upon a piece of cool clean glass. Note what happens 
and draw a conclusion as to the saturation of expired air. 

(2) Breathe out repeatedly through the vessel of lime water 
provided, and note the change produced. What is this due to ? 

(3) Breathe out repeatedly through the very weak solution of 


potassium permanganate provided, and note the change produced. 
What is this due to ? 


8. Sounds produced during Breathing 
With a stethoscope listen (a) over the windpipe and (6) over the 
middle of the right side of the chest in the axillary line while the 
70 


ELEMENTARY EXPERIMENTAL PHYSIOLOGY 71 


person breathes, and describe the sounds heard at each place, timing 
their relationship to inspiration and expiration. 
(Read Text Book on the Mechanism of the Breath Sounds.) 


4, The Rate of Respiration 

Count the number of respirations in a person who has been and is 
sitting still and whose attention is directed to something other 
than his breathing, and again in the same person after taking violent 
exercise. 


5. Collapse of the Lungs when the Thorax is Opened 

Distend the rabbit’s lungs provided by blowing into the trachea 
and then observe their elastic collapse. Measure the force of this 
with a water manometer. 


Examine a section of lung stained with orceine to show the elastic 
tissue, and note its abundance. 


6. Recording the Movements of Respiration 

(a) To record the movements of the air. Arrange a slowly moving 
drum by putting the drum on the slow gear and connecting a small 
spindle on the shafting to the largest on the drum. Connect a 
recording tambour by means of a piece of rubber tubing with a 
short piece of glass tube. Push the movable base-piece of the stand 
against the stop, and by moving the whole stand bring the point 
of the lever lightly against the drum. Insert the glass tube into one 
nostril, breathe with the mouth closed, and record the movements 
of the lever. The upstroke and downstroke should occupy laterally 
about 1 inch on the drum. Adjust the speed of the drum to secure 
this. When a trace has been taken for about a minute, swing the 
lever off the drum by means of the movable base-piece, put a time 
record in seconds on the drum and measure the duration of inspira- 
tion and of expiration. 

The record should be taken with the subject sitting still, and not 
looking at the drum. 

(The precautions as regards disinfection [p. 11, note] must be 
observed with regard to the nasal tube.) 

(b) To record the movements of the chest wall. Insert in the course 
of the rubber tube a glass T tube with a clamp. Connect.the glass 
tube with a toy balloon, and place it under the waistcoat or a 
bandage round the chest, and slightly distend the balloon. Take a 
tracing. 

The effect of swallowing upon the respiration may be recorded 
by taking a mouthful of water and, while the respirations are being 
recorded, swallowing it. 


The Influence of Carbon Dioxide on Respiration ; 
Put the drum on a very slow speed so that in ordinary breathing 
the upstroke and downstroke are just separate from one another on 


the tracing. ; 
(1) While taking a trace of normal breathing by means of a tube 
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in the nostril, hold the breath till a marked desire to breathe again 
is experienced ; then allow respirations to recur and be recorded. 
Measure the duration of voluntary apnoea. Stop the drum. 

Now breathe deeply and forcibly for about 2 minutes, so as to 
clear the CO, out of the blood, starting the drum and thus recording 
the last two or three respirations. Then hold the breath as above, 
and measure the length of the absence of breathing, and compare 
it with the last. Another student should observe any change in 
the appearance of the face, and must count the pulse for half a 
minute before and again after the forced breathing. 

(2) Count the pulse and record its rate. Run several times up 
and down stairs to increase the CO, in the blood, and again record 
the respirations from the nostril and count the pulse, recording the 
rate. Determine again the period of voluntary apnoea. Compare 
the tracing and the pulse rate with those taken at rest, and draw 
your conclusions as to the influence of muscular exercise on the 
breathing and on the rate of the heart. 

(Read Text Book on the Regulation of Breathing.) 

(LV. of Lesson XIII. is best done at this time.) 


Lesson XVI. To be provided for each pair of Students. 


1. Measuring tape.—2. Cyrtometer.—3. Piece of glass.—4. Vessel of lime 
water.—5. Vessel with very dilute potassium permanganate.—6. Stetho- 
scope.—7. Lungs of rabbit or cat with tube tied in trachea.—8. Marey’s 
recording tambour on stand with tube and small balloon fitted to glass tube : 
a T tube with clamp is useful.—9. Recording drum.—10. A vessel of lysol 
solution,—11. Water manometer. 


For Class. 


Microscope with section of lung stained with orcein to show the elastic 
tissue. 


SECTION V 
MISCELLANEOUS 


Lzsson XVII 


I. DIGESTION 


Swallowing. 

1. Swallow a mouthful of water or saliva and, with the finger, 
determine the changes in the position of the tongue, hyoid bone 
and larynx. 

2. Swallow some milk or some water coloured with methylene 
blue, and then examine the posterior aspect of the epiglottis with 
the laryngoscope (p. 11). 

3. Try to swallow with the mouth empty, and note the result. 

4, Listen with a stethoscope over the left side of the 10th dorsal 
vertebra when a large mouthful of water is being swallowed, and 
note the sounds that are heard. These, like the breath sounds (p. 70), 
are best heard with the clothes removed from the thorax. 

5. Try this again after a rapid series of swallows. 

(Read Swallowing in Text Book.) 


Passage of intestinal contents through the ileo-cecal valve. 

About 4 to 6 hours after breakfast listen for some time with a 
binaural stethoscope in the right iliac region, and note any sounds 
observed. 


Il. TEMPERATURE 


The student should provide himself with a one-minute clinical 
thermometer. 


1. (a) Take the temperature in the axilla and in the mouth, and 
(6) take the temperature in the mouth night and morning for a 
week, and record your results on a chart. 

2. Take the temperature of (a) the palm of the hand, and (6) 
the anterior surface of the chest, placing the thermometer under a 
layer of flannel, and (c) take the temperature between the shirt and 
waistcoat. 

3. Take the temperature in the mouth and axilla after a spell of 
violent muscular exercise, and repeat the observations at 5-minute 
intervals till it is again normal. 

(Read Temperature Regulation in Text Book.) 
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APPENDIX 


ELECTRICITY AS USED IN PHYSIOLOGY AND 
MEDICINE 1 


(The Student should revise his knowledge of Electricity.) 


Sources of Electricity most Generally Used.—In hospitals the town 
supply of electricity is generally used either directly, the voltage 
being reduced by means of a resistance, or better by a motor gener- 
ator, or indirectly by charging accumulators. 

The wires used to lead off the current are connected with screws 
upon a SWITCH-BOARD. ‘There are generally two sets of terminals, 
one for using the galvanic current, one for using the faradic. 

In some physiological laboratories a similar installation is used." 


Erectrodes 
Mercury Key. 


Fig. 68.—Simple Galvanic Current. 


Fig. 68 shows a simple form of switch-board with terminals G +- 
and — (anode and cathode) for using the galvanic current ; ter- 
minals F for using the faradic current, and terminals T for recording 
intervals of time. These last are connected with a wheel chrono- 
graph, driven by a motor, which can be set to give intervals of ;),th 
or 1 second. 


1 In the University of Glasgow the current is supplied from an accumu- 
lator giving from 15 to 30 volts to the switch-boards on the tables. The 
terminals on the switch-board marked G are for galvanic stimulation, and 
give from 0 to 400 milliamperes. The lever regulator on the switch-board 
controls the strength of the current (from the G terminals only). When 
placed at W it gives the weakest current, when moved towards 8 it 
gives the strongest current. The terminals marked F are for Faradio 
stimulation, and give about 1:5 amperes. The terminals marked T are 
connected with a chronograph and interrupt at 1 sec., or 0:1 sec., according to 
the way in which the instrument is set. : 
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Fic. 69.—Diagram of a Daniell 
cell seen in section. 


In this figure the lever for vary- 
ing the strength of the galvanic 
current is not shown. 

If such an installation is not 
available GALVANIC CELLS must be 
used either singly or in series. So 
many different kinds are now in 
use that it is unnecessary to de- 
scribe them here. Probably the 
Daniell cell (Fig. 69) is the most 
suitable for physiological purposes 
on account of the steadiness of the 
supply of current and of its uni- 
form voltage. 

The strength of the current may 
be varied by inserting into the 
circuit some form of RHEOCORD, 
such as is shown in Figs. 70, 71, 
72. 

The ends of the wires are gener- 


ally provided with some form of ELECTRODES for application to 
the tissues. These may consist of a couple of pins thrust through 


Fic. 70.—Simple form of monochord. 


a piece of cork or vulcanite (Fig. 73), or they may be guarded so 
as to prevent contact with surrounding tissues by being inserted 


At 


Fic. 71.—To illustrate the principle of the monochord. 


through a piece of vulcanite with a notch over the ends of the 


wires (Fig. 73). 
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Fig. 72.—The rheocord arranged to vary the strength of a current passing 
through a nerve. 


It consists of two parallel wires connected bya movable metal sliderS. By moving the slider S 
to the right the resistance of the rheocord in circuit and therefore the amount of battery 
current passing through the nerve would be increased. 


If an electrode is to be applied to the skin, it should have a large 
surface covered with chamois leather saturated in a strong solution 


Fig. 73.—Two forms of electrodes. 


of common salt in order that the resistance of the skin may be 
overcome. 
In certain physiological investigation non-polarisable electrodes 


Pic. 76.—A frictio D 
Fie. 75.—A spring key. Bois key. eres 
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have to be used (see Part II.), but these do not concern the 
junior student. 


The current is thrown into or cut out of the structure to be 


Ze 
1 
Fic. 77.—Plan of the use of a Du Bois key, as a simple make and break key. 


acted upon (made or broken) by means of some form of KEY such 
as those shown in Figs. 74, 75, 76 (arranged in the circuit as 
shown in Figs. 77, 78, TL). 


Ieee 


Fie. 78.—Arranged as a short-circuiting key: 
key shut. 


They may be used either to make the current when closed in 
the circuit (Fig. 77), or as a short-circuiting key in the circuit of 
the secondary coil of an inductorium (Figs. 78, 79). 


IP? ~~, D> 


Fic. 79.—Arranged as a short-circuiting key : 
key open. 


I. The Use of the Galvanic Current. 


To Test the Action of the Current.—Connect thick covered wires 
with the terminals marked G on the table, + for positive (anode) 
and — for negative (cathode) from the constant current supplied 
from a generator, or connect them to the terminals of three Daniell 
cells in series. Insert into the circuit a mercury key, as shown in 
the diagram, so that when it is closed the current will flow through 
the terminals (Fig. 68). Hold the ends of the wires, one on each 
side of the tongue, and note the sensations produced when the 
current is allowed to pass (made) by closing the key, when it is 
cut out (broken) by opening the key, and when the current is 
flowing. Note whether the sensations are different or similar at 
the two poles on closing and on opening and during the flow. 
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Taking sensation as the index of stimulation, record on the table 
below the results of the sudden making and breaking of the electric 
current, and of its continuous flow. 


Make. 


PNMOXCK) 5 © 6 
Cathode 
| 


II. Faradic Current. The Use of the Induction Coil. 


1. Single Induced Shocks.—An ordinary type of induction coil or 
inductorium is shown in Fig. 80. 
Lead off wires from the screw-terminals Ff on the table (Figs. 
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Fie. 80.—An induction-coil. 
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81 and 82) or from a galvanic cell (Fig. 82) to the screws on the 
top of the end of the primary coil of an induction coil (Fig. 81), 
and introduce a mercury key into the circuit. Lead wires from the . 


SSS SS =T iS SS 
Induction Coil Thortcincuiting 
Ke 


Fig. 81.—Arrangement for single induction shocks, using electrical supply 
from switch-board. 


terminals of the secondary coil to a friction key, so that when it is 
closed the current is short-circuited (Figs. 81 and 82). Lead off the 
wires of a pair of pin electrodes from this key. Pull the secondary 
coil well away from the primary, open the friction key, so that the 
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current may pass to the electrodes, and use them as the wires in 
the last experiment. Note the effect on the tongue of the sudden 
appearance and disappearance of the current induced in the 


Fra. 82.—Arrangement for single induction shocks, using galvanic cell.’ 


secondary coil each time the primary circuit is made or broken 
by means of the mercury key. 

The experimenter can thus apply induced shocks at will. 

The results of making and breaking the primary circuit may be 
recorded on the following form :— 


Making Primary. Breaking Primary. 


| 
| 


2. A Series of Induced Shocks.—Add to the primary circuit fitted 
up as above a vibrating spring and a mercury cup (Fig. 43). At 
each vibration the spring makes and breaks the circuit. The rate 
of vibration can be varied by altering the length of the spring. 

The experimenter can thus apply a regular series of induced 
shocks at any given rate. 


3. A Rapid Series of Induced Shocks (Neef’s Hammer).—Connect 
up an induction coil with the screw terminals marked /’, inserting 
the wires into the binding-screws in the pillars at the end of the 
primary coil, so as to bring the Neef’s hammer into action (Fig. 83). 
(Note.—Some of the coils are of a different pattern and have only 
one pillar. In this case connect the second wire to the upper 
lateral terminal.) Introduce a mercury key into the primary cir- 
cuit and a friction key into the secondary circuit as before (Fig. 81). 

Note that, when the mercury key is closed, the current passes 
round the electro-magnet, which pulls down the hammer and 
spring, and thus breaks the contact at the screw in the middle of 
the spring. The current is interrupted, the magnet demagnetised 
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and the spring bounds back. The number of interruptions depends 
on the length of the spring. 

Open the friction key and pull the secondary coil well away 
from the primary and apply the wires to the tongue. Close 


Elect ro-magnet 


Fig. 83.—End of Coil showing Neef’s hammer. 


the mercury key, and if no sensation is experienced push the 
secondary coil nearer to the primary. MRecord the resulting 
sensation. 


4. A Single Induced Shock at a Given Instant.—Insert the record- 


Fie, 84.—Diagram to show the action of Neef’s hammer. 


ing drum into the primary circuit as in Fig. 27. To do this 
connect wires to the terminals at its base. One of these is 
insulated and the drum consequently acts as an interrupter of 
the primary circuit except at the instant at which the striker 
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makes contact with the knife edge projecting from the insulated 
terminal. 

By this means one induced shock (make and break) is given 
at a fixed point in each revolution of the drum. 


Fia. 85.—A Commutator or Pohl’s Reverser. 


4 and B the two side cups; C, D, EZ and F the four corner cups ; 
S, the handle made of glass or vulcanite. 


Ill. The Use of the Commutator. 


The commutator, one form of which is shown in Fig. 85, 
consists of six mercury pools arranged in three pairs and connected 
with terminals. The centre pair can be connected at will by 
means of a movable bridge with either the left-hand pair or the 
right-hand pair (Fig. 86). 


2 nnn, 
LP 


Fie. 86. 


A. It is used to reverse the direction of the current in the circuit. 
Connecting the diagonally opposite pools at either end are cross 
wires insulated from each other. 

The current is led from the electric supply to the middle 


ools. 
(i) When the bridge is placed as in Fig. 86, 1, the current from 
G 
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the positive terminal follows the metallic circuit and reaches 
electrode A direct. If now the gap between A and C is bridged 
the current flows into the left lower pool, across the bridge to 
the lower middle pool and back to the negative terminal on 
the bench. 

(ii) When the bridge is placed as in Fig. 86, u, the current 
from the positive terminal passes to the right upper pool, 
then along the diagonal wire to the left lower pool and 
reaches electrode a. On bridging the gap the current flows to the 
left upper pool along the wire to the right lower pool, across the 
bridge to the lower middle pool and so back to the negative 
terminal on the bench. 

Thus the electrodes are transposed, anode becoming cathode 
and cathode, anode. 


Fie. 87.—Plan of the arrangement of the two alternative circuits. 


B. It may be used to pass the current through either of two 
pairs of circuits. By removing the cross wires and connecting a 
pair of electrodes to each end pair of terminals a current may be 
passed through either the left-hand pair or the right-hand pair by 
moving the bridge. In this case the instrument acts simply as a 
two-way key (Fig. 87). 
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SECTION I 
THE SPECIAL SENSES 


CHAPTER I 


MULLER’S LAW OF THE SPECIFIC ENERGY OF 
NERVES 


The Law of the Specific Energy of Nerves propounded by Johannes 
Miller states that each sensory nerve gives rise to its own particular 
sensation, whatever may be the means whereby it is excited. Thus 
the retina gives a sensation of sight, whether it be stimulated by 
light, a blow or an electrical shock. 

This law can be demonstrated by the following experiments :— 

Sight.—(i) Two clinical electrodes moistened with strong saline 
solution are connected by means of a key with the secondary cir- 
cuit of an induction coil; one electrode is placed upon the forehead, 
the other upon the nape of the neck. On make or break of the 
constant current the subject will have a sensation of a flash of 
light. 
ai) The retina can be stimulated mechanically by pressure on 
the sclerotic. A sensation of light, a so-called phosphene, will be 
experienced. The image is referred to the opposite portion of the 
field of vision. 

Taste-—The end organs of taste can be stimulated not only by 
sapid substances, but also by mechanical and electrical means. 
(i) Gentle tapping of the front of the tongue gives a sensation of a 
sweet taste. 

(ii) When the free ends of two wires connected with a Daniell 
cell are placed upon the tongue and the current is opened or closed, 
a sensation of taste is experienced. This experiment can be 
performed with suitable unpolarisable electrodes, so that the objec- 
tion that electrolysis is produced and the resultant ions are tasted 
may be considered negatived. Moreover, weak faradising shocks, 
which would cause but little electrolytic action, also give rise to 


sensations of taste. 
85 
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The anode appears to produce an acid taste, the cathode an 
alkaline taste. 

Smell.—The olfactory nerve-endings give rise to a sensation of 
smell when they are stimulated with an electric current. The 
experiment can be performed in the following way :—The electric 
current is sent through the nose by one electrode connected with 
the nose by filling the nasal cavity with normal saline solution ; 
the other electrode is placed on the forehead. 

Experiments upon the other organs of sense have been given in 
the Elementary Course (see pp. 5-11). 


Srotion II 
NERVE AND MUSCLE 


CHAPTER II 
THE PROPERTIES OF NERVE 


Although the nerve is not a unit, but a branch of a nerve-cell 
which conducts an impulse to, or from, the periphery, it is con- 
venient to examine its characteristics apart from its nerve-cell. 
The chief of these are excitability and conductivity. Excitability, 
or, as it is sometimes called, irritability, is the response to a stimulus ; 
a nervous impulse, the real nature of which is unknown, is started 
at the point stimulated, and is transmitted or conducted along 
the nerve. 

Nerves can be stimulated by electrical, mechanical, chemical 
or thermal agents; of these the most important in experimental 
physiology is the electrical, for it can be finely graduated, is of 
extremely short duration, and can be applied repeatedly without 
damage to the nerve, but its use is not free from sources of error. 
The ideal method is the stimulation of the intact animal, or man, 
by the stimuli which occur in every-day life. 

Electrical Stimulation of Nerve-——An induction-apparatus is 
arranged for single induction-shocks and a simple pair of electrodes 
is connected with the secondary coil by means of a Du Bois key. 
A preparation of the sciatic nerve in its entire length and of the 
gastrocnemius muscle of a pithed frog is made, and near the origin 
of the nerve is applied the pair of electrodes. On the passage of 
an induction-current through the electrodes the nerve is stimulated, 
and an impulse is sent down the nerve, reaches the muscle, and 
causes it to contract. This is indirect stimulation of the muscle, 
and is, if a weak current be used, not due to an escape of the electric 
current along the nerve towards the muscle. This should be 
proved by the following experiment. A moistened thread is tightly 
tied round the nerve at a point between the electrodes and the 
muscle. The passage of a weak induction-current of the same 
strength as that previously used will stimulate the upper portion 
of the nerve, but the nervous impulse will not pass through the 
block produced by the thread. A breach in the physiological 
continuity has been produced, and the nervous impulse is not 
conducted through the ligatured nerve. The moistened thread 
would not prevent the passage of a purely electric current. A 
loss of excitability readily occurs if the nerve is allowed to dry, 
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but during this process there may be irregular fluctuations in the 
excitability above and below the normal. 

Unipolar Excitation—Connect a battery to a coil so as to give 
tetanising shocks; connect a wire to one pole of the secondary 
coil and place its free end on the tongue. If the secondary coil 
be moved completely over the primary, faint shocks will be felt. 
The explanation of this phenomenon is that the making and break- 
ing of the primary circuit causes free electricity to collect at the 
end of the wire connected with the secondary coil; when the 
electromotive force of this charge is sufficient to overcome the 
resistance of the tissues of the body, the circuit is completed through 
the body, the floor and desk, and so back to the other pole of the 
secondary coil. With the wire still on the tongue, touch the other 
pole of the secondary coil with a moistened finger; much more 
powerful shocks are felt because a more direct circuit from one 
pole to the other of the secondary coil has been provided. 

Repeat the experiment on a sciatic-gastrocnemius preparation 
in the following way, with either tetanising or single-induction 
shocks. Lay the preparation on a perfectly clean and dry glass- 
plate and place a wire connected with one pole of the secondary 
coil under the nerve; no contraction of the muscle takes place 
because the dry plate insulates the preparation and the secondary 
circuit cannot be completed. Now touch the muscle with a wire, 
the other end of which rests on a gas or water pipe; the muscle 
contracts because the circuit is completed through the earth. It 
is not even necessary that the conductor should touch the prepara- 
tion, for, if a moistened finger is brought as near the muscle as 
possible without touching it, the muscle contracts, especially if 
a moistened finger of the other hand touches the other pole of the 
secondary coil. In this case the human body acts like a condenser 
charged with electricity, which by its approach can stimulate 
muscle or nerve. Further, if the nerve be ligatured between the 
electrode and the muscle, or cut across and the two cut ends laid 
over each other, which will prevent the passage of a nervous impulse 
along it, contraction of the muscle is still produced, because the 
discharge takes place along the whole length of nerve and muscle 
between the electrode and the point by which the muscle is con- 
nected to the earth, so that any irritable tissue in the course taken 
by the charge is stimulated. 

If, however, the muscle and nerve preparation is laid on an ordi- 
nary moistened muscle-board, the insulation is so slight that one 
electrode, connecting the nerve and the secondary coil, will by 
itself cause the muscle to contract. It is better therefore to avoid 
extensive use of normal saline to moisten a nerve. If the gastroc- 
nemius muscle be protected by the skin and the nerve laid on the 
moist muscles of the thigh, except during the actual stimulation 
(Figs. 30 and 31), there isno need to place the preparation on filter 


paper saturated with saline solution or to moisten the cork of the 
muscle board. 
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It is in order to guard against accidental stimulation of muscle 
and nerve by unipolar action that a Du Bois key must always be 
placed in the secondary circuit, and must always be kept closed 
except when the tissue is being intentionally stimulated. The 
brass bridge of the key, which has many thousands of times less 
resistance than the tissue 1 between the electrodes, affords a perfect 
closure of the secondary circuit and prevents static electrification 
of the electrodes. 

Errors from unipolar action are liable to take place, especially 
in the study of the electromotive phenomena of muscle and nerve 
by the electrometer and galvanometer. 


Galvani’s Experiment with Metals. A piece of zinc is connected 
with a piece of copper wire and the free end of one element is placed 
under the sciatic nerve of a muscle-nerve preparation. If the 
circuit be completed the nerve will be stimulated and the muscle 
contract at make; on breaking the circuit there will be a con- 
traction at break. 


Mechanical Stimulation of the nerve can be shown by pinching 
the nerve with a pair of forceps; the muscle contracts, showing 
that a nervous impulse was produced. Such a method of stimu- 
lation injures the nerve, but by means of simple arrangements a 
nerve can be stimulated mechanically without damage. A light 
hammer worked by an electro-magnet may be used to tap the 
nerve (see p. 126), or small drops of mercury from a funnel may 
be allowed to fall upon the nerve. Such methods are useful in 
experiments (see p. 125) in which an electrical stimulus might 
introduce a source of fallacy, but for ordinary experiments they 
are undesirable, since there is a difficulty in maintaining a constant 
strength of stimulus, and there is a danger of damage to the nerve. 


Thermal Stimulation is next shown by the application of a hot 
wire to the nerve. The muscle contracts. The damaged portion of 
the nerve is cut away, and to the end of the living nerve is applied 
a erystal of common salt ; the muscle soon shows irregular twitches 
due to the chemical stimulation of its nerve (see p. 126). The 
last form of stimulus is obviously limited to special experiments, 
for the stimulus is not easily graduated and damages the nerve. 


CHAPTER III 


THE CONDITIONS WHICH AFFECT SINGLE MUSCULAR 
CONTRACTIONS 


(a) Different Muscles.—The curve produced by the contrac- 
tion of a muscle may be altered not only by such influences as 
temperature, load, fatigue, and drugs, but also by the differ- 
ences in structure of various muscles. The muscular fibres of 


1 The resistance of a piece of a frog’s sciatic nerve 1 cm. long is about 
100,000 ohms, 
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the frog are found to present two varieties, clear and granular, 
which differ both in structure and in physiological properties. 
The gastrocnemius may be taken as an example of a muscle whose 
fibres consist largely of the clear variety, and the hyoglossus of 
the granular variety, i.e. a muscle in which the majority of muscle- 
fibres contain more nuclei and are relatively richer in undifferen- 
tiated living material, the sarcoplasm. The chief physiological 
differences between granular and clear muscles are, that granular 
muscles have a slower and more prolonged contraction, are less 
excitable, more easily tetanised, and less readily fatigued. 

In mammals the same differences between red and white muscles 
can be shown to exist. Red muscles, such as the masseter or 
soleus of the rabbit, differ structurally in having more sarcoplasm 
and nuclei in their fibres, and are redder in colour owing to a much 
richer capillary network between their fibres and to the presence 
of myohaematin in the fibres themselves; physiologically they are 
far less readily fatigued and show a contraction four or more times 
as long as that of the white gastrocnemius (Fig. 88). The experi- 
ment can be made after the rabbit has been killed by breaking its 
neck. 

For comparison with the single twitch of the gastrocnemius, 
that given by the hyoglossus may now be studied. This muscle, 
arising from the anterior edge of the body of the hyoid cartilage, 
runs forwards into the substance of the tongue. 


A Hyoglossus Preparation is made by cutting off the whole of 
the lower jaw, including the tongue and hyoid cartilage. Place it 
on the myograph board, mucous surface upwards, turn the tongue 
forwards, and connect its tip to the lever by a thread. Firmly fix 
the hyoid cartilage by running a pin through it into the cork. Two 
needle electrodes transfix the base of the muscle just in front of 
the hyoid. 

All the other connections are the same as when studying the 
single contraction of the gastrocnemius ; a weight of 5 or 10 grams 
is placed near the axis of the lever. 

Compared with the single twitch of the gastrocnemius, that given 
by the hyoglossus (Fig. 89) shows the following differences: the 
whole contraction lasts more than twice as long, the latent period 
is slightly longer, but it is the period of shortening and still more 
that of relaxation which is more gradual and prolonged. 


(0) Drugs. Action of Veratrine.—A brainless frog is poisoned by in- 
jecting into the dorsal lymph sac 5 minims of a saturated (1 in 1000) 
solution of veratrine in normal tap-water saline. In order that the 
drug may be rapidly absorbed it is important not to “ pith” the 
frog, but to destroy its cerebrum with a pair of Spencer-Wells 
pressure forceps. In about ten minutes it will be observed that 
the hind legs are very slowly and imperfectly flexed after a jump, 
and a few minutes later the frog will be seized by a spasm when 
it jumps. As soon as these symptoms appear the remaining por- 
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tions of the central nervous system are destroyed, and a sciatic 
and gastrocnemius preparation made. 

In the meantime the action of veratrine may be studied on the 
hyoglossus preparation used in the previous experiment. Five 
minims of the veratrine solution are injected into the lymph sac 
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Fig. 88.—Comparison of contractions of red and white muscles of rabbit, 
stimulated indirectly. 
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in which the muscle hes. The drum is arranged to revolve at a 
slow rate of about 2 cm. in 10 secs., and a simple key instead of 
the ‘‘ striker ”’ of the drum is placed in the primary circuit. After 
waiting a few minutes the muscle is stimulated by a single maximal 
induction-shock, and its contraction recorded. The curve shows 


Fia. 89.—Contraction of the hyoglossus muscle. 
Time marker, 100 per second. (A.P.B.) 


that the response is a single slow contraction with an enormously 
prolonged relaxation. , See 
Replace the hyoglossus by the gastrocnemius and sciatic prepara- 
tion and stimulate it in the same way. As soon as the first con- 
traction is over, the muscle is stimulated again, and so on for half 
a dozen contractions. It will be seen that the first contraction 
(Fig. 90) consists of a smart initial twitch followed by a much longer 
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contraction, and an even more prolonged relaxation. The second 
contraction shows the same characters to a less extent, and the 
subsequent contractions become of shorter and shorter duration 
until they reach the normal. If the muscle be allowed to rest, 
the veratrine effect returns again. The absence, in the case of 
the hyoglossus, of the sharp initial twitch seen in the gastrocnemius 
contraction, is probably due to more complete poisoning of all the 
muscle-fibres. The gastrocnemius is more bulky, some of its fibres 


ee Spe 


Fra. 90.—Contraction of the gastrocnemius muscle of a frog. The 
effect of veratrine. 


The first two contractions show the characteristic effect of the drug; further stimulation pro- 
duced twitches without the prolonged contraction. The curve has been reduced to one-half 
the actual size. The time is marked in seconds. (Pembrey and Phillips.) 


remain unpoisoned and respond with a normally rapid contraction, 
followed by the slower and more prolonged contraction of the 
poisoned fibres. 

Glycerine will produce a similar effect. The prolonged relaxa- 
tion produced by veratrine should be compared with that seen in 
a muscle after repeated stimulation (see Fig. 42). 


CHAPTER IV 


STRENGTH OF STIMULUS AS AFFECTING THE EXCITA- 
TION OF NERVE AND THE CONTRACTION OF VOLUN- 
TARY MUSCLE 


In previous chapters minimal and maximal stimuli were 
mentioned in relation to the differences in the extent of the 
muscular contraction, and it might appear that the response was 
due to a similar gradation in the stimulation of the nerve and 
the contraction of the muscle. There is evidence, however, 
that the rule of “all or none,’ which has been demonstrated in 
the case of cardiac muscle (see p. 52) applies also to nerve and 
voluntary muscle. Gotch and Keith Lucas have shown that 
the gradation in the intensity of the electrical response of the 
nerve and the extent of the contraction of the voluntary muscle 
are due to these tissues being composed of a large number of separate 
fibres, whereas in cardiac muscle there is continuity between the 
fibres. The submaximal excitation of nerve or voluntary muscle 
is the maximal excitation of some only of its fibres. 

The following experiment should be performed. Make a prepara- 
tion of the sciatic nerve of the frog, with the nerves of the plexus 
and a portion of the vertebral column. ‘Two branches of the sciatic 
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plexus innervate separate sets of fibres of the gastrocnemius muscle. 
Arrange the muscle for the record of a single twitch and make 
separate records of :—(1) Excitation, minimal and maximal, of the 
nerve trunk; (2) similar excitation of each branch of the sciatic 
plexus ; and (3) simultaneous excitation of both of the branches 
of the sciatic plexus which supply the gastrocnemius. Compare 
the results. Some muscle fibres have a dual innervation. 


CHAPTER V 


EXTENSIBILITY AND ELASTICITY OF MUSCLE WHEN AT 
REST AND CONTRACTED. COMPARISON WITH RUBBER 


Muscle is both extensible and elastic, that is, it can be stretched 
beyond and will return more or less to its original length when the 
extending force is removed. These are important properties ; for 
unless muscle were readily extensible the sudden contraction of 
one set of muscles would in the body be liable to rupture their 
antagonists. 

In the study of these properties a gastrocnemius preparation may 
be used, but a muscle whose fibres run more nearly parallel to each 
other is preferable, such as a sartorius preparation from a large 
frog. 

The following experiments should be performed. The bone at the 
upper end of the preparation is rigidly fixed in a clamp and to the 
lower end is attached by a short thread or pin a brass mm. scale, 
having its zero at the bottom. The lower end of the scale has a 
small tray to carry weights or a hole by which weights can be hooked 
on. A pointer carried by a separate stand is placed opposite the 
zero of the scale. A weight of 10 grms. is attached to the scale and 
the amount of extension read off ; then another 10 grms. are added 
and so on until the load is 100 grms. or more. It will be found that 
the length to which the muscle is extended is not proportional to the 
weight used, but that, by each increase of weight, the muscle is 
stretched rather less, as shown in Figs. 91, 92, 94. By 
removing the weights one by one the elasticity of the muscle is 
observed ; it is not complete ; for when all the weights have been 
removed the muscle does not at once return to its original length. 
An ‘‘ extension-remainder ” is present, and this is the more marked 
the more the muscle is fatigued by the degree and duration of the 
extension. Therefore the observations should be made as rapidly 
and on as fresh a muscle as possible. It is probable that muscle in 
the body with its circulation intact is completely elastic. 

If the muscle is replaced by a suitable piece of rubber band and the 
same observations are repeated on it, it will be found that the series 
of elongations are more nearly proportional to the weights used, thus 
conforming nearly to Hooke’s Law, which states that the successive 
increments in length produced by equal increments of weight are, in 
a perfectly elastic body, equal. Also, as the weights are successively 
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removed, it will be found that the elasticity of rubber is more nearly 
perfect. But, if the extension be great and of long duration, an 
“extension-remainder’”’ does appear and only gradually disappears. 

Another method of demonstrating the same properties is to fix the 
upper end of a muscle-preparation in the clamp of a simple myograph 
and to attach its lower end to the lever by a bent pin. Attached to 
the lever vertically below the muscle is a scale-pan or hook to which 
weights can be suspended. The writing point of the lever is brought 
on to the surface of a stationary smoked drum and a zero line 
described by rotating the drum by hand. The drum is rotated 
back go that the point of the lever is 5 mm. from the beginning of 
the zero line, a weight of 10 grms. is attached to the lever, the muscle 
will be extended and the writing point will record a new vertical 
line on the drum. Turn the drum by hand so that the writing point 
will describe a horizontal line 5 mm. long,! attach another 10 grms. 


Fie, 91.—Curve of extensibility and elasticity of gastrocnemius. 
The figures on the curve are weights in grms. Temp., 15°C. (A.P.B.) 


and repeat the process until 100 grms. or more are extending the 
muscle. Reverse the process, removing the weights of 10 grms. 
one by one. If now the lower ends of the vertical lines drawn 
by the fall and rise of the lever are joined, a curved line will 
be formed, showing that the extension of the muscle becomes 
less and less for each additional weight. Further, when all the 
weights have been removed, the writing point will be below the 
original zero line, showing an “ extension-remainder”’ (Fig. 91). 
It will also be seen that the line corresponding to the elasticity of the 
muscle is a flatter and more gradual curve than that corresponding 
to the extension ; this is caused by the long continued load impairing 
the elasticity of the muscle. 

If the experiment be repeated on a piece of rubber band, the line 
joining the lower ends of the vertical lines will be nearly straight, 
and little or no “ extension-remainder ” will be seen. Figs. 92, 93 
show a comparison of the lines thus described for a muscle and piece 

’ By thrusting the points of a pair of fine forceps through a thin piece of 


cork a means of measuring off equal distances is obtained; there is a mm. 
scale on the induction-coil. 
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of rubber loaded from 0 to 500 grms. and then gradually unloaded 
again. 
A contracted muscle is more extensible than a resting one. This is 


Fic. 92.—Elasticity curve of quiescent muscle. 


To be read from right to left. The figures on the curve are for weights in grms. (M.S.P.) 


of importance in the body ; for, otherwise, a sudden and powerful 
contraction of a muscle, trying to lift a heavy weight, would be liable 
to rupture either the muscle itself, or its tendon, or the bones to 
which it is attached. As a matter of fact, of these three structures 
muscle, owing to its increased extensibility during contraction, is the 
least often ruptured. In order to demonstrate this properly the 


500. 400-300 200 100° .0* 0° «100-200 300. 400°800 


Fic. 93.—Elasticity curve of rubber tubing. 
The figures represent weights in grms. (M.S.P.) 


muscle-preparation is attached to the clamp and lever, as in the last 
experiment. Arrange the apparatus for stimulating the muscle 
directly with single maximal induction-shocks, using a spring-key 
in the primary circuit. One electrode is attached to the tendo 
Achillis by means of a small spiral of capillary copper wire, which 
conducts the current but offers no resistance to the free movement 
of the muscle; the other electrode is attached to the clamp. 
Bring the writing point on to a stationary drum and, with the 
muscle weighted only by the lever, describe an abscissa line 
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corresponding to the resting muscle. With the writing point again 
at the beginning of this line, stimulate the muscle once and, from 
the top of the ordinate so marked, draw another abscissa line cor- 
responding to the muscle when contracted. Rotate the drum by 
hand, so that the writing point is now 5 mm. along the “ resting ” 
abscissa line ; hang 20 grms. on to the lever and stimulate, so as to 
record a second ordinate 5 mm. from the first. Repeat this process, 
increasing the weight by an equal amount each time. In this way 
Fig. 94 was produced. It is clear that the distance of the lowest 
point of each ordinate below the “ resting ’’ abscissa line represents 
the extension of the resting muscle by a given weight, and that the 
distance of the top of the same ordinate below the “ contracted” 
abscissa line represents the extension, by the same weight, of the 


Fic. 94.—Comparative extensibility of resting and contracted 
gastrocnemius. 
Temp., 12°C. Magnification, 5. Figures represent actual weights in grms. R is the 
“resting ’’ and C the ‘‘ contracted” abscissa line. (A.P.B.) 


muscle when contracted. If the lowest and then the highest 
points of the ordinate are joined, two curved lines are produced 
which represent respectively the curves of extension of resting and 
contracted muscle (Fig. 94). It will be seen that the extensibility 
of contracted muscle is absolutely greater, and increases more 
rapidly, than that of resting muscle. Hence, if the observations 
were carried far enough, the two curve lines would ultimately 
cross ; this means that if a muscle were loaded by a weight greater 
than it could lift, it would during its stimulation actually lengthen 
(Weber’s paradox). If this were not so, we should, when trying 
to lift a load greater than the muscle could move, run a great 
risk of rupturing our muscles. 
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CHAPTER VI 


LOAD AND AFTER-LOAD. WORK DONE WITH INCREASING 
LOADS? 


Muscles may be loaded in two ways: the load may be applied 
before the muscle has begun to contract, or only after it has already 
begun to contract ; this latter method, in order to distinguish it 
from the former, is called “ after-loading.”” Most of the muscles 
in the body are both loaded and after-loaded ; that is, they are 
constantly loaded by the pull of their antagonists, and it is only 
after they have already begun to shorten that the main load—the 
weight of the limb, etc.—is applied to them. The deltoid, however, 
is an instance of a muscle constantly loaded by the weight of the 
arm; the ventricle of the heart, on the other hand, is a muscle 
which is only after-loaded. During experiments upon the perfused 
heart it will be seen (p. 158) that the output of the heart varies with 
the filling during diastole. 

The effect of load, and of its method of application on a single 
muscular contraction, will be studied in the following ways: 
(a) the contraction given by a muscle loaded and after-loaded 
with the same weight will be compared; (b) the muscle being 
just completely after-loaded, the height of contraction, with 
increasing loads, will be measured and the work done with each 
calculated. 


Comparison of the Contractions of a Loaded and After-loaded Muscle. 
—-Arrange the apparatus for stimulating a muscle with single maxi- 
mal induction shocks, using the drum as a key in the primary circuit. 
Fix a gastrocnemius preparation to a myograph lever, provided 
with an after-loading screw; by raising the screw the metal part 
of the lever can be supported at any level. Hang a weight of 
50 grms. near the axis and raise the screw until the whole of the 
weight is just after-loaded; this point can be ascertained by 
supporting the weight with the finger, and when the muscle no 
longer tends to raise the lever off the after-loading screw, the muscle 
is unstretched by any load. Arrange the apparatus so that with 


1 The magnification of the movement of the muscle recorded by the lever 
is calculated by dividing the distance of the writing point from the axis by 
the distance from the axis of the point of attachment of the thread from the 
tendon. 

The amount of actual shortening a muscle undergoes during contraction 
can be calculated by measuring the vertical height of the top of the curve 
above the base line and dividing it by the magnification. 

The actual load which the muscle raises is not the whole of the weight 
hung near the axis of the lever, but a proportion of it, calculated by multi- 
plying by the distance from the axis of the point of suspension of the weight 
and dividing by the distance from the axis of the point of attachment of the 


muscle. 
H 
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the screw in this position the lever is horizontal. Record a single 
contraction of the muscle on a rapidly revolving drum, mark the 
point of stimulation, and draw an abscissa. Then lower the after- 


-Contractions of the same muscle when loaded, L, and when after-loaded, A. 


10°C. Magnification, 5. (A.P.B.) 


Temp. 


Actual load on muscle was 10 grms. 


loading screw until the muscle is 
loaded with the whole weight, 
and superimpose on the same 
abscissa and with the same point 
of stimulation a contraction of 
the loaded muscle. (Fig. 95.) 

The main differences between 
these two curves are—in the 
purely after-loaded muscle there 
is an appreciable lengthening of 
the latent period owing to the 
muscle in its unstretched condi- 
tion having to take in “slack ”’ ; 
a diminution in the height of 
the contraction, owing to the 
absence of tension on the muscle 
before the contraction began. In 
other words, moderate initial 
tension increases the power of a 
muscle to do work. 


Relation of Load to Work done 
during Contraction.—In order to 
record the height of contraction 
for a large range of weights, it 
is more convenient to record on 
a stationary drum simply the 
heights of a series of twitches 
than to superimpose a large num- 
ber of curves. The apparatus is 
arranged for stimulating the 
muscle with a single maximal in- 
duction-shock, using a simple key 
in the primary circuit. A weight 
is hung near the axis of the lever 
of such a size that the actual 
load on the muscle is 50 grms. ; 
the method of calculating this 
weight has been already given 
on p. 97. The muscle is just 
completely after-loaded through- 
out the experiment in order to get 
rid of the effect of alterations in 
the initial tension. With the 


lever horizontal, the muscle is stimulated, and the height of its 
contraction recorded on a stationary drum. The drum is rotated a 
short distance by hand; an additional load of 50 grms. is hung 


ADVANCED EXPERIMENTAL PHYSIOLOGY 99 


from the lever, and another contraction recorded. The process is 

repeated until the muscle is no longer able to raise the load off the 
after-loading screw. Fig. 39 gives the result of such an experiment ; 
in it the magnification was 5, and the actual load on the muscle half 
of the weight hung near the axis of the lever. The following table 
ae in grm. mm. the work done by the muscle with the various 
oads : 


Actual load in grm. Actual lift in mm. | Work in grm. mm. 

50 4-0 200 
100 3:2 320 
150 2-2 330 
200 1:8 360 
250 1-2 300 
300 1-0 300 
350 8 280 
400 5 200 
450 4 180 
500 3 150 
550 2 110 
600 ‘1 60 
700 0 0 


From the last column in this table we see that, although the height 
of the contractions diminishes continuously, the actual work done 
by the muscle increases at first rapidly and then more slowly, until it 
reaches its maximum with a load of 200 grms. After that point 
the work done begins to decrease slowly, and then more rapidly 
until at 700 grms. a load is reached which the muscle is unable to 
lift. This weight represents the ‘‘ absolute contractile force ” of this 
muscle, that is, the load which, brought to bear on the muscle at the 
instant of contraction, is just able to prevent it from shortening. 
Although the muscle is unable to lift this load, and therefore, when 
stimulated, does no visible mechanical work, it nevertheless liberates 
energy chiefly as heat. 
We are now in a position to recapitulate, so far as load is con- 
- cerned, the conditions necessary to obtain an optimal contraction of 
a muscle and to see how far they exist in the living body. Initial 
tension, we have seen, decreases the latent period and increases the 
power of the muscle to do work. In the body the muscles are 
constantly loaded to a slight extent, and are thus kept stretched 
and free from “slack.” In this way movements with a short latent 
period, and with an absence of jerkiness, are obtained ; and the 
muscles by being stretched are kept irritable, awake and fit for 
sudden work. On the other hand, we see that a muscle, when purely 
after-loaded, is at a disadvantage for doing work ; yet in the body 
the main load is thrown on as an after-load. The advantage of this 
arrangement depends upon the increased extensibility of contracting 
muscle; for in this way liability to rupture is reduced ; further, 
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there is a saving of energy in pulling at a dead weight through an 
elastic spring, instead of through an inelastic cord, since some of the 
energy expended would be lost in a sudden jerk, but, in the case of 
the spring, is stored up in it and given out again as its elastic 
recoil. Thus smoothness is imparted to even the most sudden 
movements. 

A practical application of these principles is found in the coiled 
spring connecting the trace to the hame of the collar of a draught- 
horse. 

The value of initial tension of muscles is well known to athletes 
and trainers. The characteristic attitudes assumed by competitors 
in races tend to efficiency in the performance of work; there is an 
outflow of nervous impulses not only to the skeletal muscles, but 
also to the heart, the respiratory muscles and the muscles of the 
blood vessels. 


CHAPTER VII 
SUMMATION OF STIMULI 


In a previous chapter the subject of summation of contractions 
has been dealt with. This summation of “effect ’? must be dis- 
tinguished from the summation of stimuli, by which an inadequate 
stimulus, if repeated sufficiently often, becomes first adequate and 
then for a time increasingly effective. This is a summation of 
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Fie. 96.—Effect of subminimal stimuli repeated every five seconds 
on gastrocnemius stimulated directly. 


The dots mark the points at which stimuli were sent in before they became obviously 
effective. Time marking in seconds. (A.P.B.) 


“cause,” and probably plays an important part in the life of all 
living matter. 

In order to demonstrate the summation of stimuli, arrange the 
apparatus for stimulating a gastrocnemius muscle directly with 
single induction-shocks, using a mercury key in the primary circuit. 
Place the secondary coil at such a distance from the primary that 
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the break-shocks are just subminimal. Repeat the stimulus every 
five seconds. It will be found that sooner or later the summed 
excitations will cause a contraction, and, if the contractions are 
recorded on a slowly-revolving drum, that a well-marked “ stair- 
case” effect is produced (Fig. 96). 


CHAPTER VIII 


EFFECT OF DISTILLED WATER AND OF VARIOUS 
SALTS ON MUSCLE 


The various tissues of the body are all bathed in the same fluid, 
the lymph, which so far as the water and salts it contains are 
concerned, has a uniform composition. The tissues, although 
immersed in the same fluid, show different and characteristic 
properties owing to their difference in structure and chemical 
composition. If, however, the composition of the fluid, in which 
any given tissue is immersed, be altered, the composition and 
consequently the properties of its protoplasm must also be 
altered. The first effect on living matter of such a change is 
to cause its stimulation, and then if the change be sufficiently 
profound and long-continued to produce its death. 

Only two changes in the tissue fluids will be considered here, 
namely—(a) Gross change in the osmotic pressure of the fluid, by 
using distilled water or a strong saline solution ; and (b) Change in 
the ions in solution without alteration in the osmotic pressure of the 


fluid, by using solutions of various salts isotonic with frog’s blood- 
plasma. 


Effect of Distilled Water.—Dissect out a gastrocnemius muscle 
and place it, without a “ trouser ”’ of skin, in a watch-glass containing 
distilled water. For a few minutes the muscle may show irregular 
contractions, then it becomes opaque, swollen and incapable of 
responding to a stimulus with a contraction. The muscle is said 
to have passed into a condition of ‘“‘ water-rigor.’’ Test the muscle 
with induction shocks and demonstrate that it will) no longer 
contract. 

By placing the muscle into distilled water two effects are produced 
—the inorganic salts in the muscle diffuse out into the water, and 
water is attracted by osmosis into the muscle so that each fibre 
becomes greatly distended with fluid. The first effect of these 
changes is to produce stimulation, but, as the muscle fibres are 
distended with fluid, they become incapable of contracting, and 
finally there are not enough salts left in the muscle to keep’the 


globulins in solution ; hence the muscle becomes gradually opaque 
and dies. 
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_ Effect of Strong Saline Solutions.—This effect will be exactly the oppo- 
site of that due to distilled water ; for water will be abstracted from 
the tissue, and large quantities of the salt will diffuse into the 
muscle. 

The effect on a tissue of mere abstraction of water from it is 
best seen by allowing a nerve to dry. Make a gastrocnemius and 
sciatic preparation, keep the muscle and lower half of the nerve 
just moist with tap-water saline, but allow the upper half of the 
nerve to dry. As the nerve begins to dry, irregular contractions of 
the muscle come on which are stopped by moistening the nerve ; 
showing that loss of water acts as a stimulus to nerve. If the 
drying is allowed to continue, the dry portion loses its irrita- 
bility and dies. 

Now place upon the muscle a few crystals of NaCl; irregular 
contractions will soon appear. These are partly due to the abstrac- 
tion of water, but also, as we shall see in the next experiments, to the 
stimulating effect of NaCl. 

The above experiments show that, in order to keep muscles and 
nerves irritable and in good condition, they must be moistened with 
a fluid which will neither give up nor abstract water from the tissue, 
i.e. which is isotonic with the animal’s lymph. For this purpose a 
‘7 per cent. solution of NaCl in distilled water has frequently been 
used. This solution, although isotonic with frog’s blood, does not 
contain the calcium and potassium salts found in blood-plasma and 
lymph ; and the question arises whether this alteration of the ions 
in solution affects in any way the properties of muscle. 

In order to investigate this point, prepare two sartorius prepara- 
tions with their bony attachments and without injury to their 
muscular fibres. Place one muscle in Biedermann’s solution 
(-5 grms. NaCl, -2 grms. Na,HPO,, 2:04 grms. Na,CO; in 100 c.c. 
distilled water), and the other in -7 per cent. NaCl in distilled 
water. 

The muscle in Biedermann’s solution, especially if the solution be 
cool (3°-10° C.), will after a shorter or longer interval begin to show 
fibrillary twitches and may even contract regularly and rhythmically 
as a whole. As soon as the result has been obtained, transfer the 
muscle to a solution made by adding to 100 c.c. of -7 per cent. NaCl 
solution in distilled water, 10 c.c. of a saturated solution of CaSO,, 
or of a 10 per cent. solution of CaCl, in distilled water. The 
spontaneous contractions will soon cease. 

The other muscle placed in the pure NaCl solution may remain 
quiescent ; very often it will show fibrillary twitchings and irregular 
contractions, which are rapidly stopped by transferring the muscle 
to the solution containing a calcium salt as well as NaCl. Should the 
muscle, however, remain perfectly quiescent,* it can still be shown 
that it is no longer in a perfectly normal condition. After it has 


1 Frog’s muscle differs somewhat in its behaviour in any given solution 
according to the time of year, there being a marked difference between muscle 
in the autumn and spring. 
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remained in the solution for half an hour, remove it and connect it 
to a myograph lever and stimulate it with a single maximal break 
shock. The contraction recorded on the drum will be no longer an 
ordinary single contraction, but a series of tetanic twitches of 
abnormal height and duration. Now remove the muscle, immerse 
it for ten minutes in the solution containing the added calcium salt, 
and again record its response to the same stimulus. A normal single 
contraction will be obtained. It is clear that sodium salts, when 
acting alone on skeletal muscle, have a powerful stimulating effect, 
and that this can be neutralised by adding a certain proportion of 
calcium salt. For this reason “ normal” saline solution is always 
made with tap-water instead of with distilled water. Some tap- 
waters, however, do not contain nearly enough calcium to bring 
about complete neutralisation of the sodium salt. 

From the above experiments we learn certain facts of considerable 
practical importance. We see that tissues are greatly affected by 
changes in the osmotic pressure of the fluid surrounding them. Care 
must therefore be taken not to expose the tissues of an animal or 
man to fluids which are not isotonic with the blood-plasma. In 
man disturbances arise from any upset of the water balance in 
the body. ‘‘Stokers’ cramp ”’ is the effect of a relative excess of 
water, due to the loss of sweat during severe work in warm sur- 
roundings and the absorption of water by drinking. Men may 
lose in an hour two or three litres of sweat containing 0-2 per cent. 
of sodium chloride, and in quenching their thirst by drinking may 
absorb a relative excess of water. It is of interest to note that some 
workers have found by experience that a diet containing salt bacon 
and fish will prevent this condition. 

In man the solution of NaCl isotonic with the blood-plasma is 
only just under 1 per cent., and therefore differs widely in 
strength from the solution for a frog; it is very necessary to 
bear this in mind when injecting fluid into veins or under the 
skin, and when irrigating wounds. The saline solution tends to 
diffuse through the walls of the blood vessels; to prevent this 
Bayliss introduced the use of a solution of gum. We further see 
that, when isotonic solutions of electrolytes are used, the tissues are 
by no means indifferent to the ions in solution. A really “‘ normal ”’ 
saline solution would, therefore, be one which contained the same 
salts in the same proportion as the animal’s own blood-plasma. 
Ae fluid is an attempt to make such a solution for the 
rog. 

In all the above experiments it has been found that skeletal muscle 
responds to the abnormal constant stimulus by an activity which 
is not constant, but intermittent or rhythmical. This raises the 
question whether the rhythmical contraction of the heart may not be 
the normal response of that particular kind of muscle to the constant 
chemical stimulus of the blood-plasma, and the same might be also 


+ A modified Ringer’s solution contains NaCl -7 per cent., CaCl, -0026 
cent., and KCl 035 per cent. P ’ 2 ‘0026 per 
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partly true of the rhythmical activity of the respiratory and vaso- 
motor centres, 


CHAPTER IX 


FATIGUE OF A VOLUNTARY MOVEMENT AND OF A MUSCLE- 
NERVE PREPARATION WITH ITS CIRCULATION INTACT 


When a voluntary movement is repeated sufficiently often fatigue 
is produced. The seat of this fatigue must be investigated ; it 
might be in some part of a neurone in the central nervous system, or 
in some part of the peripheral nerve and muscle: in other words, 
the fatigue might be primarily central or peripheral. As the 
result of certain ergographic experiments it is probable that this 
fatigue is of central origin. The experiments consisted in lifting a 
heavy weight suspended over a pulley by flexing a finger and 
registering the height of each successive lift. When the movement 
had been repeated until the muscle was no longer able to lift the 
weight at all, it was found that electrical stimulation of either the 
nerve supplying the muscle or of the muscle itself caused the weight 
to be again lifted, but to a less height than before. When the 
electrical stimulation had in turn fatigued the movement it was 
found that a voluntary contraction of the muscle was again able 
to lift the weight, owing, it was supposed, to the resting of the 
cells in the central nervous system. From these experiments it 
was argued that the fatigue of a voluntary movement is purely 
central. 

The methods used in the above experiments are open to grave 
objections, and it is necessary to touch upon some of these in order to 
avoid them. The use of a heavy weight is open to the objection 
that the muscle, when no longer able to lift that weight, is still cap- 
able of contracting, and lifting a lighter weight ; therefore, it is better 
to make the muscle bend or pull on a spring, which will enable the 
feeblest as well as the strongest pull exerted by the muscle to be 
recorded. Again, electrical stimulation of a nerve or a muscle can 
be a much more powerful stimulus than that resulting from the 
maximal discharge of a motor nerve-cell ; consequently the fact that 
peripheral stimulation can make the muscle again lift the weight 
after voluntary impulses fail, is no proof that the fatigue was central. 
Further, when a nerve or muscle is stimulated by electrodes placed 
upon the skin, it is impossible to produce equal stimulation of all 
fibres. When the muscle appears to be fatigued by peripheral 
stimulation, then a return to volitional stimulation, by producing 
equal stimulation of every fibre, leads to an apparent recovery of 
voluntary power. In this way is to be explained the apparent 
paradox, that a muscle fatigued by either voluntary or peripheral 
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stimulation shows a recovery of power when stimulated in the 
opposite way. 

In order to investigate this subject we shall compare the curve of 
voluntary fatigue taken with a spring ergograph from the human 
abductor indicis, with the curve obtained from the frog’s gastroc- 
nemius, with its circulation intact and stimulated through the 
sciatic nerve. 

Porter’s Spring Ergograph.—A simple form of this instrument is 
shown in Fig. 99 to consist of a rigid upright iron bar which is 
clamped to the table. From the upper end of this projects a 
horizontal straight steel spring, the free end of which carries an 
ordinary writing point. The spring carries on its under side a short 
vertical steel arm, the lower end of which fits over the distal end of 
the second phalanx of the index finger. When the abductor indicis 
contracts the spring is pushed up ; by sliding the vertical arm along 


Fic. 99.—Spring Ergograph. (Porter.) 


the spring the magnification of the movement and the strength of 
the spring can be altered. The hand is placed along the vertical side 
of the wooden support and the three outer fingers tied to it, leaving 
the thumb and index finger free. The forearm should be fixed to the 
bench in some form of support, but care must be taken not to tie 
down the arm sufficiently tightly to interfere with its circulation. 
The subject of the experiment should sit comfortably and with his 
eyes shut, should not be spoken to nor in any way have his attention 
diverted, but should confine himself to giving a maximal contraction 
of his muscle every time he hears the beat of a metronome, which 
is set to give a beat every second. The observer takes the time of 
the experiment in minutes and so calculates the number of con- 
tractions recorded ; further, he has to see that the vertical arm does 
not slip out of position along the finger. In this way take 300 to 600 
contractions on a drum revolving at an extremely low rate (Fig. 100). 
At first sight the most striking feature of the curve is the more or 
less rhythmical waxing and waning in the height of the contractions ; 
this seems to be purely central in origin and to be due to variations in 
the strength of the voluntary impulse communicated to the muscle. 
Practice to a large extent does away with this rhythm. When the 
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height of the contraction is 
measured it will be found that 
the average height decreases dur- 
ing the first 180 contractions and 
then attains a fairly constant 
level, which represents about 85 
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decrease is better marked in 
Fig. 101, and here the fatigue- 
level was only about 45 per cent. 
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of the original height. The 
characteristics of an ergographic 
fatigue-curve, therefore, are an 
initial fall which takes place dur- 
ing a variable number of con- 
tractions, and the attainment of 
a fairly constant level, which 
represents varying percentages 
of the height of the original 
contractions. This curve strongly 
suggests that during a series of 
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contractions two processes are at ‘work : one by which available 
combustible material is being used up and the products of kata- 
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bolism are accumulating, and the other by which both these defects 
are made good by the circulation. During the early part of the 
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curve the first process preponderates over the second and the 
height of the contraction decreases, but as soon as the two pro- 
cesses exactly balance each other a uniform level is maintained 
for hundreds of contractions. The probable seat of these pro- 
cesses will be referred to after the next experiment has been 
performed. © 

In order to obtain a record of the contractions of the gastro- 
cnemius with its circulation intact, arrange the apparatus for 
stimulating the sciatic nerve with maximal induction shocks, using a 
simple key in the primary circuit. The cerebrum of the frog must 
be destroyed and the muscle-nerve preparation made without 
causing bleeding. The cerebral hemispheres are destroyed by 
compression, leaving the medulla and spinal cord intact, and the 
gastrocnemius is prepared in the usual way. A string ligature is 
placed beneath the gastrocnemius and tied tightly round the upper 
part of the tibio-fibula and the remaining muscles ; the leg is then 
cut through below the ligature. The whole frog is placed belly 
downwards on the myograph-board, a strong pin is pushed through 
the lower end of the femur and driven firmly into the cork. A 
piece of moistened flannel is then pinned down over the trunk to 
prevent the contractions of the muscles of the trunk from disturbing 
the lever connected with the gastrocnemius. The skin over the middle 
of the thigh is divided longitudinally for a short distance, the muscles 
carefully separated and the sciatic nerve exposed and freed; the nerve 
is gently raised by slipping a thread beneath it, and the electrodes, 
insulated from the underlying muscles by a small piece of cork, are 
placed beneath the nerve. It is essential that the nerve should not 
be injured and should be kept properly moistened throughout the 
experiment. The muscle is suitably weighted and just after-loaded. 
The nerve is stimulated by a maximal shock every five seconds, and 
the contractions recorded on a drum revolving at the slowest possible 
rate (Fig. 102). It will be seen that the height of the contractions, 
although increasing at first, gradually falls off until at the end of 
about 200 contractions it reaches a uniform level, which represents 
about 85 per cent. of the original height and was then maintained 
with scarcely any alteration for three-quarters of an hour. This 
curve, therefore, is identical in general form with that obtained by the 
ergograph. We see at first an increase, then a fall, and then a constant 
level of contraction, representing probably the equilibrium between 
two opposite processes, which must in this case be affecting some 
part of the peripheral nerve and muscle. The actual seat of this 
peripheral change is not absolutely certain (see further Experiments 
in Chapter XVIII). 

Now cut through the leg in the middle of the thigh, so as to destroy 
the circulation through the gastrocnemius and continue the stimu- 
lation (Fig. 103). It will be seen that the height of the contractions 
rapidly and continuously decreases, and that at the end of about 320 
contractions the muscle is no longer able to lift the lever off the 
after-loading screw. 
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CHAPTER X 
THE RATE OF TRANSMISSION OF A NERVOUS IMPULSE 


The rate at which an impulse is transmitted along a nerve is 
important because it throws some light upon the nature of the 
impulse. It travels much more slowly than an ordinary electric 
current, and, although it is accompanied by an electric change, it is 
something more complex. Its rate of propagation is 27 metres per 
second (884 feet per sec.) in the frog’s sciatic nerve, and 120 metres 
per second (3934 feet per sec.) in the motor nerves of man. 


(2) In the Motor Nerves of the Frog.See Part I, p. 36. 


(6) In the Motor Nerves of Man.—The velocity of the trans- 
mission of a nervous impulse in the motor nerves of man can be 
determined in the following way: A thick-walled india-rubber ball, 
similar to that used with a photographic “ shutter,’ is connected 
with a recording tambour. ‘Two clinical electrodes are moistened 
with strong saline solution in order to improve their conduction and 
contact with the skin ; the large flat electrode is fastened to the leg 
of the subject, and the small electrode placed above the clavicle 
will be pressed over the brachial nerves. These electrodes are 
connected with the secondary coil of an inductorium, and in the 
primary circuit is interposed the “striker” key. 

The india-rubber ball is held between the middle finger and the 
thumb, and the contraction of the flexor muscles will be recorded by 
the lever of the tambour, when the nerve is excited. The moment of 
stimulation is determined in the usual way (p. 42), and then the 
experiment is again performed, but with the small electrode pressed 
over the median nerve at the bend of the elbow. The moment of 
stimulation is again determined, in order to show that the resting 
position of the point of the lever has not been changed. The 
difference between the latency in the two contractions is measured 
by a tuning fork vibrating 100 times per second, and the length of 
nerve between the two points of stimulation is estimated ; from 
these data the rate of transmission of the nervous impulse can be 
calculated. 


CHAPTER XI 


THE POLARISATION OF ELECTRODES AND UNPOLARIS- 
; ABLE ELECTRODES 


Polarisation of Electrodes.—Ordinary metal electrodes in contact 
with a muscle or nerve will be surrounded by lymph, and in this 
fluid electrolysis will take place during the passage of an electric 
current. The ions resulting from this electrolysis will be positive 
and negative respectively ; if, therefore, the circuit of this seat of 
chemical and electrical change be suddenly made or broken, a shock 
will be produced, for the wires of the electrodes surrounded by the 
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electrolysed fluid will form a minute battery. This can be demon- 
strated by the following experiment :—A pair of electrodes, con- 
nected with a Du Bois key, is placed under the sciatic nerve, which 
has been exposed in the thigh of a pithed frog. Making or breaking 
the circuit causes no contraction. The two wires of a Daniell 
battery are connected with each side of the Du Bois key, and the 
current is allowed to pass through the nerve for several seconds. 
Then these two wires are rapidly disconnected from the battery 
and key ;: the key is closed and opened, and each time a contraction 
of the muscles of the leg is caused. This make and break can be 
repeated several times with a similar result, until the polarisation 
has disappeared. 

This experiment shows the necessity of unpolarisable electrodes in 
experiments upon the effects 
produced in nerve and muscle 
by the passage of a constant 
electric current, and also the 
necessity of using a Du Bois 
key as a bridge to short-circuit 
the electrodes. 


Unpolarisable Electrodes. — 
The preceding experiment has 
shown that the electrolysis 
occurring around the ordinary 
metal electrodes may easily act 

Fig, 106.—Unpolarisable electrode. as an exciting electric current, 

Burdon-Sanderson’s pattern. and thus cause errors in experi- 

ments. In order to avoid this 

unpolarisable electrodes are used. The electric current from the 

battery is conducted through media which are not liable to 
polarisation. 

The structure of Burdon-Sanderson’s electrodes is shown in the 
above diagram (Fig. 106). A smooth amalgamated zine rod dips 
into a saturated solution of zinc sulphate, which in turn conducts the 
current by means of a plug of kaolin or china clay, made into a thick 
paste with normal saline solution (-75 per cent. sodium chloride). 
The plug rests upon a small glass tube with a flange ; this delays the 
spread of the zinc sulphate into the kaolin. The nerve or muscle can 
be placed in contact with the plug of kaolin, or may be connected 
thereto by threads saturated with normal saline solution and kaolin. 
The plug must be kept moist with normal saline solution, for the 
electrodes have a high resistance. 

The electrodes must be set up with clean hands and material, 
otherwise polarisation will occur. The solution of zine sulphate 
must not be allowed to touch the tissue, for chemical excitation 
would occur. Kaolin and normal saline solution do not stimulate 
muscle and nerve. 

A simpler form of unpolerisable electrode can be made of glass 
tubing of 3 mm. bore drawn to a point of 1 mm. in diameter and 


ADVANCED EXPERIMENTAL PHYSIOLOGY 113 


filled to a depth of 12 mm. with gelatin made up with Ringer’s 
solution. Above the column of gelatin are placed 5 c.c. of saturated 
solution of copper sulphate into which dips a piece of pure copper foil. 
The previous experiment on the polarisation of electrodes should 
be repeated with the unpolarisable electrodes. The result will be 
negative if the electrodes have been well and truly made. 


CHAPTER XII 


TRANSMISSION OF A NERVOUS IMPULSE IN BOTH 
DIRECTIONS 


The excitatory state produced by stimulation of a nerve can be 
transmitted in both directions. This can be shown by the following 
experiments. 

Sartorius Experiment.—The sartorius muscle lies on the ventral 
surface of the thigh and its outlines can be made distinct by 
sponging it with the frog’s heart full of blood. The muscle is 
dissected out and its iliac end is divided into two portions (Fig. 108). 
Stimulation with a weak induction shock at (a) or (a’), where there 
are no nerve-fibres, will produce a contraction of the one half of the 
muscle. Excitation, however, at (b) or (b’), where there are nerves, 
will evoke a contraction of both halves. 

Gracilis Experiment. 
~The gracilis muscle 
of the frog is in two 
portions completely 
separated by a _ ten- 


a 
U 
Fic. 107.— Muscles . 
of the frog’sleg. (After 
Ecker.) 5 
Ventral aspect. a 


Rectus internus. 


Gracilis. 

. Adductor longus. 
Vastus internus. 
Sartorius. 
Adductor brevis. 
Adductor magnus. 
. Gastrocnemius. 

. Tendo-Achillis. 


dinous intersection (Fig. 109). 


Fig. 108,—Diagram 
of the sartorius ex- 
periment to show the 
transmission of a ner- 
vous impulse in both 
directions. 


Kia. 109.—Diagram 
of the gracilis experi- 
ment to show the 
transmission of a ner- 
vous impulse in both 
directions. 


Both halves of the muscle are 


supplied by a single nerve, the individual fibres of which divide and 
supply both halves of the muscle. Stimulation of any kind at (a) or 
(a’), where there are no nerve-fibres, causes only the corresponding 


I 
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half of the muscle to contract ; but excitation at (b) or (b’), where 
the nerves lie, will cause both halves to contract. 


CHAPTER XIII 


THE RELATION BETWEEN MUSCLE AND NERVE. THE 
INDEPENDENT EXCITABILITY OF MUSCLE 


In addition to the experiments which have been described in 
the elementary course (p. 33), the following experiment upon the 
sartorius muscle should be performed. 

The muscle is carefully dissected out and will 
contract when its nerve, which passes into the 
muscle at the middle of its inner border, is cut 
across by the scissors. If the muscle be placed 
between two glass-slides and examined under a 
microscope, the distribution of its nerve can be 
seen to resemble that shown in the diagram (Fig. 
110). The finer branches of the nerves and even 
the end-plates can be more readily seen if the 
muscle be treated with acetic acid. There are no 
nerves in the terminal portions of this muscle, 
which consists of fibres running in a direction 
parallel with its length. 

The sartorius muscle is dissected from the other 
thigh and the nerveless parts are stimulated by a 

Bie. 110— pinch with a pair of forceps or by an electrical 
Ginga of the shock; they contract, the muscle possesses in- 
sartorius muscle 3 sae 
to show the dis- dependent excitability. 
tribution of its The absence of nerves from the terminal por- 
nerves. tions can also be shown in the following way. 

The muscle is suspended from its tibial end and 
is lowered until the cut iliac end touches some strong glycerine 
contained in a watch-glass; it does not contract. A thin trans- 
verse slice is cut away and the muscle is again lowered into 
contact with the glycerine; there is still no contraction. This 
procedure is repeated until the nerves are cut across and on contact 
with the glycerine are stimulated and make the muscle pass into a 
contracted condition. 


CHAPTER XIV 


THE ELECTROMOTIVE PROPERTIES OF MUSCLE AND 
NERVE 


In uninjured and resting muscle and nerve there is no electric 
current, but during activity a current, the ‘“ current of action,” is 
produced. Injury causes local activity around the damaged tissue, 
and is therefore accompanied by an electric current, the so-called 
“demarcation or injury-current.” This electrical current produced 
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by injury is, as Gotch pointed out, to be considered as a current 
of action. These facts can be demonstrated by the following 
experiments. 


The Rheoscopic Frog. Galvani’s Experiment, Contraction without 
Metals.—A long length of the sciatic nerve is dissected in a pithed 
frog and the muscles of the thigh are ex- 
posed and cut across. The trunk of the 
sciatic nerve is laid along the longitudinal 
surface of the muscles of the thigh, and 
then by means of a glass rod with a 
small hook the transverse section of the 
nerve is allowed to fall upon the cut sur- 
face of the muscles (Fig. 111). At this 
moment a twitch of the muscles of the leg 
moves the foot or toes. The circuit of the 
electric current in the muscle has been 
completed through the nerve. The section 
of the muscle-fibres has produced a local 
contraction of the fibres, and this is accom- 
panied by an electrical change which is 
sufficient to produce excitation when it is 
passed through an excitable nerve. Frc. 111.—Diagram of 

Secondary Contraction or Secondary Twitch. Galvani’s —_ experi- 
—Two muscle- and nerve-preparations are Bee SEO REE 202 

: without metals. 

made; the nerve of A is so placed upon 
the muscle B that the cut surface of the nerve lies upon the tendon 
and its longitudinal surface upon the muscle-fibres (Fig. 112). The 
nerve of preparation B is stimulated by a weak induction-shock, 
and thus its muscle is ex- 
cited and made to contract ; 
the muscle A will also con- 
tract. The contraction of 
B the muscle B is accom- 
A panied by an electrical cur- 
rent, the ‘‘ current of action,” 
which passes through the 
nerve A and thus produces 
a contraction in the muscle 
A. This is not due to an 
escape of electrical current 
from the electrodes, for a 
Fie. 112.—Diagram of the experiment on secondary twitch can be 
secondary twitch. obtained if mechanical or 
thermal stimulibe used to 
excite the nerve of preparation B. Further, ligature of the nerve 
B with a moist thread will show that there is no escape with a 
weak induction-shock; the ligature destroys the physiological 
continuity and prevents the passage of the excitatory state but 

not that of an electrical current. 
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Secondary Tetanus.—If the nerve be stimulated with a rapid 
series of induction-shocks the muscle B goes into tetanus and its 
“currents of action” stimulate the nerve A, with the result that 
the tetanus is also observed in the muscle A. This “‘ secondary 
tetanus’? can be produced by rapid mechanical stimuli. 


Secondary Twitch from the Heart.—Ifa freshly prepared and very 
excitable nerve be laid upon the heart of a frog, so that the cut end 
of the nerve is on the base and the longitudinal surface upon the 
apex of the ventricle, a twitch of the muscle connected with the 
nerve is observed at each contraction of the ventricle. Each time 
the muscle-fibres of the ventricle contract, a “‘ current of action” is 
produced and stimulates the nerve. 

A fine glass rod should be placed under the middle portion of the 
length of nerve, which lies on the ventricle, so that the current may 
not be short circuited. 


—— ee 


Fig. 113.—Diagram of the experiment to show the stimulation of a 
muscle by the “‘ current of action’ of another muscle. 


Stimulation of a Muscle by the ‘‘ Current of Action ’’ of another 
Muscle.—The sartorius muscle is very carefully dissected on each 
side, and then the one muscle is placed overlapping the other ; the 
eontact of the two muscles is secured by gentle pressure with two 
pieces of cork (Fig.113). Stimulation of one muscle will produce a 
contraction in both ; the “ current of action ’’ in the first stimulates 
the second muscle. 


Fic. 114.—Diagram of the experiment to show the stimulation of a 
nerve by its own “current of injury.” 


Stimulation of a Nerve by its own ‘Current of Injury.’?—Two 
plugs of kaolin moistened with normal saline solution are placed 
upon a piece of glass, and the tails of the plugs are made to hang 


_} For these preparations the frogs should have been kept cold for some 
time before the experiment. 
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over the edge (Fig. 114). The sciatic nerve of a pithed frog! is 
carefully dissected down to the knee, the thigh is cut across, but the 
leg and foot are left intact. The nerve is so placed that its cut 
surface is upon one plug and its longitudinal surface upon the other 
plug. A watch-glass filled with strong saline solution, which is a 
good conductor of electricity, is suddenly brought in contact with 
the ends of the kaolin plugs ; thus the circuit is suddenly made and 
can be suddenly broken by the removal of the watch-glass. If the 
preparation be very excitable, a twitch is observed at each make and 
break of the circuit ; the nerve is stimulated when the circuit of its 
“current of injury’? is completed or broken. 


CHAPTER XV 


THE ELECTROMOTIVE PROPERTIES OF MUSCLE AND NERVE 
—Continued. THE GALVANOMETER AND THE CAPILLARY 
ELECTROMETER 


Demonstrations.—The galvanometer and the capillary elec- 
trometer are delicate instruments which are easily damaged ; they 
are employed to investigate the electromotive properties of muscle 
and nerve. The essential experiments upon that subject have 
already been performed by means of the so-called “ rheoscopic frog.” 
In this course, therefore, the experiments with the galvanometer and 
the capillary electrometer will be demonstrated to the student and 
only brief details will here be given. 

The Galvanometer employed in these experiments is Kelvin’s 
reflecting galvanometer. It consists of a suspended system of 
magnets so arranged as to make the system nearly “astatic” ; the 
magnets are surrounded by coils of many turns of fine insulated wire. 
The resistance is high, from 5,000 to 20,000 ohms. The movements 
of the mirror attached to the magnets. are indicated by a spot of 
light upon the scale. 

The amount of current sent through the galvanometer is regulated 
by means of a shunt, which is a resistance box whereby 7th, +} th, 
or +dooth of the total current can be sent through the galvanometer. 


unpolarisable electrodes, but before an experiment is performed the 
electrodes are tested, for in most cases they are not perfectly iso- 
electric. Any small deflection of the galvanometer due to this cause 
is compensated by a graduated current from a standard battery sent 
through the galvanometer in the opposite direction. 

Perfectly uninjured muscle and nerve are iso-electric, but they are 
generally slightly damaged during the process of dissection and 


1 For these preparations the frogs should have been kept cold for some 
time before the experiment. 
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Fig. 115.—Galvanometers. 


preparation. ‘The deflection due to this current of injury or demarca- 
tion current (wrongly called the current of rest) is measured and is 
then increased by a more pronounced injury caused by touching one 


Fic. 116,.—Scale and lamp for the reflecting galvanometer. 
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end of the muscle with a hot wire. The muscle is now stimulated 
by a tetanising current applied to its uninjured end ; the deflection 
of the galvanometer is in the reverse direction, due to the current of 
action (formerly called the negative variation) which is produced 
when the muscle contracts. 

The current of injury is, as Gotch pointed out, to be considered 
as a local current of action ; around the injured portion the tissue 
is in a condition of excitation. 

Similar experiments are demonstrated upon nerve. 

String-galvanometer—Electro-cardiograph.— The student should 
read the description of this instrument in his Text-book of Physi- 
ology. 

Lippmann’s Capillary Electrometer.—This instrument is a delicate 
electrical manometer, and is more suitable than the galvanometer 
for the investigation of the electromotive pro- 
perties of the frog’s heart ; it responds to very 
rapid changes of electrical potential. It consists 
(Fig. 117) of a glass tube C drawn out at one 
end to a fine capillary tube ; this is filled with 
mercury and is connected with a pressure 
apparatus by the rubber tubing AZ’. The 
capillary tube dips into a small trough filled 
with 10 per cent. sulphuric acid ; the bottom of 
this vessel is covered with mercury M in order 
to provide good electrical conduction with the 
platinum wire. The movements of the column 
of mercury in the capillary tube are observed by 
means of a microscope fitted with a micrometer 
scale. 

The passage of an electrical current through Fie. 117.—Diagram 
the capillary tube alters the surface tension, of the capillary 
and this alteration causes a movement of the  ¢lectrometer. 
mercury in the capillary tube. The movement 
of the column of mercury is from positive to negative, and the ex- 
tent of the movement is roughly proportional to the difference in 
electrical potential. Based upon these facts are the determination 
of the direction of, and the measurement of the electromotive force 
of, the current which is under investigation. 

With the capillary electrometer the electromotive properties of the 
frog’s heart are demonstrated. The base and the apex of the 
ventricle are led off by unpolarisable electrodes to the electrometer : 
each time the heart contracts there will be a diaphasic variation, 
the contracted portion at first becomes negative and then positive 
to the uncontracted ‘part. 


M 
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CHAPTER XVI 


THE EFFECT OF A CONSTANT CURRENT UPON MUSCLE 
AND NERVE 


Muscle and nerve consist of complex chemical substances, and 
contain about 70 per cent. of water in which various salts are 
dissolved. Moreover, they are bathed in lymph. 

The passage of a constant current through a liquid produces 
electrolysis ; thus, in the case of water, oxygen 1s given off at one 
plate, hydrogen at the other. Animal tissues, containing, in addition 
to a large percentage of water, salts and proteins, are also the seat 
of electrolysis during the passage of a constant current ; the ions 
are probably of a complex nature. These changes in nerve and 
muscle are shown by alterations in excitability and conductivity. 


Sf Sv 


Ws 


A B 


Fic. 118.—Diagram of the frog's heart to show the effects of the 
make and break of a constant current upon muscle. 


In A the ventricle is represented as pale and contracted, with a small shaded area to 
represent the flushed and uncontracted portion of the jventricle ; that is, a local 
diastole during general systole. This condition can be produced by the make of the 
anode or the break of the kathode of a constant current. In B the ventricle is 
dilated and flushed, with a small pale area of contracted muscle; that is, a local 
systole during general diastole. This condition can be produced by the make of 
the kathode or the break of the anode. 


These it is necessary to consider in relation to the changes which 
occur at the anode and kathode during the make and break of the 


constant current. The simplest experiment can be made upon the 
frog’s heart. 


The Effects of Anode and Kathode upon the Frog’s Heart.—The 
brain and spinal cord of a frog are pithed and then the heart is 
exposed. Care should be taken to avoid the severance of large 
blood vessels in order that the vascular system may be well filled 
with blood. ‘The pericardium is opened and the heart is observed ; 
the ventricle during systole is pale owing to the contraction of its 
muscle fibres forcing out the blood from its spongy walls; during 
diastole, when the muscle is relaxed the ventricle is flushed owing to 
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its distension with blood. There are no blood vessels in a frog’s 
cardiac muscle. 

The ends of two pieces of ordinary insulated wire are well cleaned 
and are connected with a Daniell battery ; the clean free ends of the 
wires are bent back so that there will be smooth surfaces to apply 
to the heart. The wire connected with the copper of the battery 
is the anode, that with the zinc is the kathode. 

In the frog’s mouth is placed the kathode, for there good con- 
tact is obtained with a moist conductor; the anode is placed 
upon the ventricle. Now it will be found that during the sys- 
tole of the ventricle that portion of the muscle which is around 
the anode will be flushed, uncontracted, and bulging outwards 
—the anode at the make of the circuit produces a local diastole 
during general systole (Fig. 118, A). The rhythmic power of the 
cardiac muscle around the anode is diminished, so that it remains 
uncontracted. 

If now the wire be suddenly removed from the heart, the break 
of the anode causes an increased excitability of the muscle to 
which it had been applied, there is a local pallor; the cardiac 
muscle is here contracted during the general diastole of the heart. 
The break of the anode produces a local systole during a general 
diastole. 

The kathode is now applied to the heart and the anode is placed in 
the frog’s mouth. There is produced a local systole during the general 
diastole of the heart. The kathode increases the excitability of the 
cardiac muscle, and thus the fibres affected remain contracted. The 
end of the wire is kept in contact with the ventricle for about a 
minute and is then suddenly removed ; a flushed and bulging spot 
will indicate the region to which the wire had been applied. The 
break of the kathode produces a local diastole during general systole, 
for the disappearance of the condition of katelectrotonus is 
accompanied by a fall in excitability. 

This simple experiment shows that the make of the kathode and 
the break of the anode excite, that the make of the anode and the 
break of the kathode depress. This is also true in the case of nerve. 


CHAPTER XVII 


THE EFFECT OF A CONSTANT ELECTRICAL CURRENT UPON 
THE EXCITABILITY AND CONDUCTIVITY OF NERVE 


The passage of a constant current produces changes in the 
excitability of nerve. At the anode there is a condition known as 
anelectrotonus, the excitability is diminished ; at the kathode there 
is an increase in excitability, a state of katelectrotonus. The con- 
ductivity is also affected, there is a fall in both the anodic and 
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kathodic regions. These effects can be shown by the following 
experiment. ; 
One Daniell battery is connected by two wires with a Pohl’s 
reverser whereby the direction of the current can be changed ; from 
the reverser the wires pass by means of a Du Bois key to a pair of 
unpolarisable electrodes. This is the polarising circuit. The 
stimulating circuit is set up separately for the production of single 
induction-shocks (Fig. 119). A preparation of the sciatic nerve and 
gastrocnemius muscle is carefully made from a recently pithed frog, 
and is placed in a moist chamber ; a pin is fixed through the lower 
extremity of the femur, and the tendo-Achillis is connected by a 
thread with a lever. The sciatic nerve is placed across the kaolin 
plugs of the unpolarisable electrodes. The drum can be moved by 
hand. A minimal stimulus for the nerve is obtained, care being 


 . 


Fic. 119.—Diagram of the experiment on the effects of a constant 
electrical current upon the excitability and conductivity of nerve. 


taken to use only the break or make-shock. The minimal con- 
traction is recorded on the stationary drum. 

The current from the polarising circuit is closed in an ascending 
direction, so that the current enters the nerve on the side near the 
muscle and immediately above the stimulating electrodes, which are 
connected with the inductorium. The nerve around the point of 
entry oranode of the polarising current is depressed in its excitability, 
and the application of a minimal, or even stronger, stimulus is no 
longer effective (Fig. 120). The polarising current is short-circuited 
by the Du Bois key, and by means of the reverser is changed in its 
direction, so that on opening the Du Bois key the current is descend- 
ing, and the area of nerve near the stimulating electrodes passes 
into a condition of katelectrotonus. The minimal stimuli now 
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become maximal, owing to the increase in the excitability of the 
nerve at the kathode. 

The above experiments can be repeated with a crystal of common 


0.—The effect of a constant electrical current upon the excitability of nerve. 


9 


] 
(M.S.P. 


Fic. 


to right. 


salt placed in the position of the stimulating electrodes. — The salt 
causes chemical excitation, and the muscle shows incomplete 
tetanus, which is quelled by anelectrotonus, and augmented by 
katelectrotonus (Figs. 122, 123). 
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The conditions of anelectrotonus and of katelectrotonus spread 
on each side of the respective electrodes, so that between the poles 
there is a decrease in excitability near the anode, an increase of 
excitability near the kathode, and no alteration in excitability at a 
point about midway between the poles. These changes in the 
interpolar region are best studied by means of a mechanical stimu- 
lus, such as Tigerstedt’s hammer, which is worked by an electro- 
magnet. The results of such an experiment are shown in Fig 124. 


Fic. 122.—The effect of a constant electrical current upon the 
excitability of nerve. 


This tracing is a continuation of that in Fig.123. The chemica) stimulation of the nerve from 
the penetration of the salt produced incomplete tetanus, which could be abolished or 
quelled by throwing the stimulated portion of the nerve into a condition of anelectrotonus. 
The beginning, duration and end of the stage of anelectrotonus are indicated by the stars 
and horizontal line. The curve should be read from left to right. (M.S.P.) 


The effect of the constant current upon the conductivity of the 
nerve is determined upon the same preparation. The stimulating 
electrodes are placed upon the central part of the nerve ; a minimal 
stimulus is found, and its effect is recorded upon the stationary 
drum. The polarising circuit is now closed through the nerve in 
either the ascending or descending direction, and then the minimal 
stimulus is again applied. It is no longer effective owing to the 
decrease in the conductivity of the nerve. This change in the 
conductivity of nerve is also shown in the experiment upon the 
question of fatigue in a stimulated nerve (Chapter XVIII). 


CHAPTER XVIII 
THE QUESTION OF FATIGUE IN A STIMULATED NERVE 


Nerves are not subject to obvious fatigue, if they be repeatedly 
stimulated for long periods of time. The following experiment not 
only demonstrates this fact, but at the same time shows that the 
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passage of a constant electrical current through a portion of a nerve 
blocks the transmission of the excitatory state which is produced in 
a pen by a stimulus applied above the polarising electrodes 
Pp: ; 

An induction coil is arranged for faradic shocks, and a pair of 
unpolarisable electrodes are connected by a Du Bois key with a 
Daniell cell. The two sciatic nerves of a pithed frog are dissected 
up to their points of exit from the vertebral column, which is then 
cut across above the nerves. The thighs are cut away above the 
knee, and the two legs with their nerves are placed in a moist 
chamber, and are fixed by pins pushed through the lower extremities 
of the femora. The stimulating electrodes, which are connected 
with the secondary coil by means of a Du Bois key, are placed under 
both sciatic nerves ; the unpolarisable electrodes are placed under 
one sciatic nerve midway between the muscle and the stimulating 
electrodes. The induction shocks are now allowed to pass through 
both nerves for a few seconds ; the muscles of both legs are thrown 
into tetanus. The stimulation is stopped and the polarising current 
is passed through the one sciatic nerve. The faradisation of both 
nerves is again commenced ; the muscle in the one case will be 
sent into tetanus and quickly fatigued, but the other muscle shows 
no contraction, for the polarising current passing through its nerve 
blocks the passage of the nervous impulses evoked by the stimulating 
electrodes. When the first muscle is fatigued the polarising current 
should be broken; the block is removed from the course of the 
sciatic nerve of the other muscle, which is at once tetanised by the 
stimulation of its nerve. 


Section II] 
RESPIRATION 


CHAPTER XIX 
RESPIRATION 


Examination of the Chest of Man.—Much can be learned by simple 
methods of examination, and it is of the greatest importance that 
the medical student should rely more upon his sight, hearing and 
touch, than upon the graphic records obtained with different forms 
of apparatus. 


Inspection.—The chest of a man stripped to the waist is examined 
and the following points are noted: (i) The shape, whether the 
thorax is strongly built and symmetrical, (ii) its mobility, whether 
the two sides move equally. The condition of the abdominal wall 
should then be examined, and attention paid to the development of 
its muscles and the movements during respiration. 

The measurement round the chest of an adult man is about 35 
inches and can be taken with a tape. The increase in circumference 
produced by inspiration is about 2 to 3 inches. It is impossible, 
however, to determine by such measurements whether a man has a 
good “ wind ”’ or not. A well-developed chest generally means that 
a man has lived an active life and has a good heart and lungs, but 
great variations are found in the shape of the chest of healthy men. 
The true test of a man’s heart and lungs is whether he can respond 
to the demands of muscular exercise without undue breathlessness 
and distress. Even this test must be applied with intelligence, for 
the man may be under-fed, and may have led a very sedentary life. 

A graphic record of the shape of the chest in different planes can 
be obtained with the cyrtometer (see Part I, p. 70). 

The movements of the chest and abdomen should be observed 
and their relationship to inspiration and expiration determined. 
Some subjects show marked abdominal or diaphragmatic breathing, 
others breathe more by the thorax. In women the movement of the 
upper part of the chest is greater than in men; the causes of this 
difference are to be ascribed to the constriction of the abdomen and 
lower portion of the thorax by corsets and to the greater mobility 
of the thorax, due to the fact that in civilised countries the women 
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do less muscular work than the men. If hard work is frequently 
performed with the arms the upper portion of the thorax becomes 
more rigid, and this is an advantage, for it gives a better purchase 
for the contracting muscles. 

There is no sound basis for the dogmatic teaching about thoracic 
and abdominal breathing of some so-called specialists in physical 
training. Healthy children do not need lessons in breathing, but 
opportunities for muscular exercise, for games in the open air. No 
reasonable athlete would attempt to improve his “‘ wind ” except by 
training it by progressively graduated runs. A good “wind” is 
something more complex than a big or mobile chest ; it involves 
the heart which forces the blood through the lungs. Artificial 
breathing exercises are unsound ; healthy games and sports train 
the whole body, the component parts of which are mutually 
dependent. 

At rest breathing is performed by healthy subjects with the mouth 
closed, but during severe work it is opened instinctively and with 
advantage, for there is then less resistance to the passage of the air 
in and out of the chest, and the loss of heat is facilitated. 

The rate of respiration in healthy adult men at rest varies from 
about 10 to 23 per minute; men who breathe slowly take deep 
breaths ; those who breathe quickly take shallow breaths. 


Palpation.—By placing the flat of each hand upon corresponding 
portions of the chest it is possible to compare the movements of the 
two sides of the thorax. If the subject be told to speak, to say 
“ninety-nine,” for example, the vibration of the voice, vocal 
fremitus, is propagated through the bronchi to the wall of the chest, 
and thus to the hands of the examiner. 


Percussion.—If a tap with the finger be given to the top of a table, 
the note will be dull over the part directly supported by the leg, 
but more resonant in the middle of the table. It is also easy for 
most men to detect a difference in the sense of resistance when the 
tap is given ; it is greater with the dull note. In a similar manner 
the level of water in a tub can be determined. Such a method of 
investigation of underlying structures is known as percussion. 

Firmly place the index finger of the left hand on the chest and tap 
it with the middle finger of the other hand. Determine the differ- 
ences in note and resistance over the various parts of the thorax. 
On the right side the resonance extends from the apex of the lung in 
the supra-clavicular fossa to the beginning of the dulness produced 
by the liver under the 6th rib. On the left side it extends to the 
cardiac dulness which begins at the 4th rib. 

Make the subject take a deep breath, and then by percussion 
on the right side demonstrate that the limit of resonance is increased 
owing to the expansion of the lungs. 


Auscultation.—The respiratory and cardiac sounds can be heard 
by placing the ear against the chest, or by means of a wooden or 
binaural stethoscope. Over the trachea, or at the level of the 7th 
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cervical spine, the harsh blowing sounds, due to inspiration and 
expiration, are heard ; these “ bronchial sounds ” are produced by 
the vibration of the air at the orifices of the vocal cords and divisions 
of the trachea and bronchi. 

Another sound, the ‘‘ vesicular murmur,” is heard on listening to 
parts of the chest wall where the lung is in contact. It is a soft 
breezy sound which increases during inspiration and dies away 
during the first third of expiration. There are several views about 
the causation of this sound ; it may be due to conduction of the 
bronchial sounds. 


CHAPTER XX 
INTRA-THORACIC PRESSURE 


Intra-thoracic Pressure.—The thorax is filled by its viscera ; there 
is no cavity in the strict sense. The pleural cavity, so called, is 
potential only ; the two layers of the pleura are separated only 
by a thin film of lymph. When the chest wall moves forward the 
lungs follow, for they are elastic, and air can flow in through the 
respiratory passages; in the same way, when the diaphragm 
descends and its antagonistic muscles, the anterior abdominal 
wall, bulge forward, the lungs descend, as shown by the experiment 
given in the previous chapter. 

It is easy to make two pieces of clean glass, moistened with water, 
glide one over the other, but considerable force is necessary to 
separate them by a direct pull. 

The lungs, owing to their elasticity, collapse as soon as the thorax 
is opened. This elastic traction extended by the lungs on the 
thoracic wall varies as follows :— 


Normal inspiration . : : about — 10 mm. Hg. 
» expiration . - j “i — 7 2 
Deep inspiration : ‘ : » — 40 Ee 
» expiration : ‘ : a — 0 qh 
», inspiration with air-way closed » — 100 x 
” expiration ” ” ” ” ++ 100 ” 


The intra-tracheal pressure varies from — 1 mm. Hg. in quiet 
inspiration to + 1mm. Hg. in expiration. All the structures, e.g. 
heart and blood-vessels, are affected by the respiratory variations 
of pressure. 

The trachea of a dead rat or rabbit is exposed, and a ligature 
tied round it. The skin is divided over the thorax on one side, 
and the ribs exposed. The intercostal muscles are carefully separ- 
ated between two ribs. Note that the lung is in contact with the 
thoracic wall. The ligature round the trachea is now divided ; 
the air escapes, and the lung, owing to its elasticity, will collapse. 
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On opening the pleural cavity the pressure within and without 
the lungs becomes atmospheric. The elasticity of the distended 
lung then comes into play and causes its collapse. Place a glass 
tube in the trachea and perform artificial ventilation of the lungs. 


CHAPTER XXI 
VENTILATION OF THE LUNGS 


THE SPIROMETER AND THE STETHOGRAPH 


The ventilation of the lungs is determined by a gas-meter through 
which the subject breathes by means of an anesthetic mask, pro- 
vided with inspiratory and expi- 
ratory valves. Meters with a very 
low resistance are more conveni- 
ent than the special instrument 
known as the spirometer (Fig. 
125), although the latter is very 
useful for some experiments. 

The subject of the experiment 
should breathe through the mask 
and meter for a minute or two be- 
fore the record is taken, in order 
that he may become accustomed 
to the novel conditions. Then 
the volume of each breath and the 
number in periods of consecutive 
minutes should be determined. 
A table should be made to show 
the results obtained with each 
member of the class, for the dif- 
ferences in the rate and depth of 
breathing in healthy men are 
considerable ; some men breathe 
slowly and deeply, others take 
rapid and shallow breaths. The 
volume of air breathed per minute 
varies from 9 to 5 litres, the 
number of breaths from 23 to 10, 
and the averages for the volume 
of each breath from 900 to 250 
e.c. It is important to remem- 


Fie. 125.—Spirometer. 


T, mouthpiece ; M, manometer ; 
ber as a general rule that what Ciicoreneiea 4 a cies 


is lost in frequency is compen- 

sated in depth, so that the volume breathed per minute by a man 
with a frequency of respiration of 10 may be the same as that of 
a man whose ordinary rate of breathing is 22 per minute. 
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The tidal air is the volume of air breathed at each respiration, 
and it varies from 900 to 250 c.c. in different individuals. After 
breathing out the tidal air the subject should expire as deeply as 
possible ; an additional 1,500 to 2,000 c.c. will be recorded. This 
is called the supplemental air. Now let the subject take as deep an 
inspiration as possible ; it will be about 1,500 to 2,000 c.c. above 
the tidal air. This quantity is known as the complemental air. 

The so-called vital capacity is the greatest volume of air that can 
be expired after the deepest possible inspiration ; it is composed 
of tidal air 500 c.c. + complemental air 1,500 c.c. + supplemental 
air 1,500 c.c. It is about 3,500 c.c., but too much importance 
should not be attached to it, for it depends largely upon practice 
and control of the inspiratory and expiratory muscles. 


The Effect of Muscular Exercise upon the Respiration is very 
great; within a few minutes, varying according to the severity 


Fig. 126.—Stethograph. 


A, Metal drum; B, hooks for tapes which pass round neck ; C, rubber dises ; D, hooks for 
attaching tapes which are tied round thorax ; E, tube leading to the recording tambour. 


of the work and the condition of the subject, the volume of air 
breathed may be trebled, the number of breaths showing a smaller 
increase. The breathing is deeper, and the mouth is opened to 
diminish the resistance to the passage of the air in and out of the 
chest. Discomfort or distress is caused by any resistance, and for 
this reason it is impossible to determine the true volume unless 
the resistance of the recording apparatus is low. Place an “ anes- 
thetic’ bag between the meter and the tube from the mask in 
order to reduce the resistance and determine the volume and rate of 
respiration before and after running down and up a flight of stairs. 


The Graphic Record of the Respiratory Movements.1—For this 
purpose an instrument known as the stethograph is used. There 


1 For other methods see Part I, p. 71. 
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are various forms, one of which is shown in Fig. 126. A receiving 
tambour constructed like a drum is fastened to the chest, and is 
connected with a recording tambour, the lever of which writes on 
a smoked drum. The subject of the experiment should not be 
allowed to see the movements of the lever, for the respiration is 
easily affected by nervous impressions. Take a graphic record of 
the respirations and mark the time relations of inspiration and 
expiration by means of a chronograph giving seconds. This record, 
taken during rest, will serve as a control for the subsequent 
experiments. 


The Effect of Swallowing.—Let the subject swallow at different 
phases of respiration. Note that the respiratory movement, 
inspiratory or expiratory as the case may be, is inhibited. This 
protective action is carried out quite unconsciously and safeguards 
the respiratory passages from the entrance of particles of food. 


The Effect of Muscular Exercise.—Take a record of the breathing 
(hyperpnea) directly after the subject has run up and down a flight 
of stairs. 


The Effect of Holding the Breath.—The subject should breathe 
normally for a minute and then hold his breath as long as possible. 
The subsequent record will show rapid and deep breathing. 


The Effect of Forced Breathing.—A series of rapid and deep breaths 
are taken by the subject for about three-quarters of a minute. 
He will experience a sensation of giddiness and should then stop 
breathing. There will be no inclination to breathe for a minute 
or more: a condition of apnea has been produced by the washing 
out of carbon dioxide from the lungs and blood by the rapid pul- 
monary ventilation. 


The Effect of Breathing.—(a) Carbon Dioxide, (5) Different Per- 
centages of Oxygen, and (c) Rebreathing Expired Air.—These different 
experiments should be performed with a Douglas bag, mask and 
valves, and the records of the respiratory movements should be 
compared. The subject of the experiment should not be told 
beforehand the nature of the mixture in the bag. It will be found 
that many men cannot distinguish between air and pure oxygen; 
this is especially the case if precautions have been taken to make 
the temperature and moisture similar. 
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CHAPTER XXII 
CHEMISTRY OF RESPIRATION 


The Composition of Inspired Air, Expired Air and Alveolar Air.— 
For the analysis of these different samples of air the best apparatus? 


is that of Haldane. 
burette A, provided with a 
three-way tap. Surrounding 
the gas-burette is a water- 
jacket. The whole is sup- 
ported by a clamp and retort 
stand. The gas-burette is con- 
nected by pressure tubing to 
the levelling tube B, which is 
held by a spring clamp 
attached to the retort stand. 
The tubes A and B contain 
mercury, and by raising or 
lowering B gas can be expelled 
from or drawn into A. One of 
the connections of the three- 
way tap is used for taking in 
the sample, the other connects 
the burette with an absorption 
apparatus arranged as in the 
figure. 

The bulb E, filled with 20 
per cent. caustic potash, ab- 
sorbs carbon dioxide. The 
bulb F, filled with alkaline 
pyrogallic acid solution,? ab- 
sorbs oxygen. The water in 
G and H protects the pyro 
solution from the air. F can 
be emptied and refilled through 
K when it is necessary. The 
tap on the absorption pipette 
places either E or F in connec- 
tion with the gas-burette. 

The pressure in the burette is 
adjusted by using the potash 
pipette as a pressure gauge and 
bringing the potash before 
every reading of the burette to 
the mark M. In order to make 


1A detailed description is given 


The gas is measured in the graduated gas- 


Fic. 127.—Haldane’s gas 
analysis apparatus. 


| 


: in Part ITI, p. 380. 
® Dissolve 100 grms. of stick caustic potash in 50 c.c. of water. 


Add 10 


grms. of pyrogallic acid to this solution. 
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the reading of the burette independent of changes in temperature, 
moisture and barometric pressure during analysis a control tube 
N containing a little water and connected with the potash solu- 


Fie. 128. — Hempel’s 
burette for collecting 
a sample of expired 
air. 


Oxygen ; 
Carbon dioxide 
Nitrogen 

Argon 


tion by means of a T-tube is employed. 
The tap at P makes it possible to render 
the pressure in N equal to that of the atmo- 
sphere. At the beginning of the experi- 
ment the potash is adjusted to the mark R 
by altering 8, P being open. P is then 
closed, and not opened again till the an- 
alyses are complete. The barometer and 
the temperature of the water-jacket are 
read. Each time a reading of the burette 
is made the potash is brought to the mark 
R by altering S, and to the mark M by 
means of the levelling tube B. As the con- 
trol tube and the gas-burette are kept 
moist, variations in the tension of aqueous 
vapour in the burette are also corrected by 
the control tube. 

A sample of expired air is obtained with 
the burette (Fig. 128), or may be collected 
in a gas-sampler (Fig. 129). 

In order to test the apparatus the student 
should make several analyses of the air of 
the room. 

Special care should be taken to avoid 
drawing the absorbent fluids into the taps ; 
if such an accident should occur the taps 
and tubes will require a thorough cleaning. 


Atmospheric Air, measured dry at stan- 
dard temperature and pressure, 0° and 760 
mm., has the following composition :— 


20-94 volumes per cent. 
003, %» 

78-09 7 Zs 
094 %3 


There are also traces of helium, krypton, neon, xenon, and 
hydrogen. The nitrogen and argon appear to be inert as far as 
the higher animals are concerned, and in ordinary analyses are 
given together as nitrogen. 


The Expired Air varies in composition according to the rate and 
depth of respiration; this is shown by the following analyses 


made by Speck :— 
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Volume of air t f 
Type of breathing. expired at minute Mee eine of pa eee e 
Normal ; Weo2i 16-29 4-21 
Very shallow 5,833 15-50 4:63 
Very deep 17,647 18:29 3:17 


Stated in whole numbers the composition may be given as 


follows :— 


Volumes per cent. 


Oxygen. 


Carbon dioxide. Nitrogen. 
Inspired air. . . . 21 (0-03) 79 
Hxpired air. . . . 16 4 80 


There are other differences between inspired and expired air. 
Under ordinary conditions expired air is warmed nearly to the 
temperature of the body and is saturated with water vapour ; it 
has about 6 per cent. of moisture, whereas ordinary atmospheric 
air has about 1 per cent. 

The expired air is a mixture of air from the so-called “ dead 
space” of the respiratory tract and of air from the alveoli of the 
lungs, where the exchange of gases between the blood and the air 
takes place. The ‘“‘ dead space ”’ extends from the nose to the alveoli 
and has a capacity of about 150c.c.inanadult man. In an ordinary 
expiration the first portion of air to leave the nose or mouth is from 
this ‘dead space,” then mixed air, and finally air from the alveoli. 


The Alveolar Air.—The composition of the alveolar air is deter- 
mined, according to the method introduced by Haldane and 
Priestley, by an analysis of the last portion of the air expired in an 
ordinary expiration. The experiment may be performed in the 
following way. An anesthetic mask is connected by a T-piece to 
a piece of tubing 80 cm. long and 1-8 cm. internal diameter ; to 
the free end of the T-piece is connected (Fig. 129) a gas-sampler 
with a capacity of 50 cubic centimetres. The subject of the ex- 
periment fits the mask to his face and makes an ordinary expiration ; 
as soon as the expiration ceases, the tap of the gas-sampler, the 
air of which has previously been removed by a vacuum-pump or 
gas-pump, is opened and a sample of the last portion of the expired 
air is collected before the mask is removed from the face. By 
placing an “ anesthetic’ rubber bag at the free end of the tube 
it is easy to determine whether the subject has made an adequate 
expiration. The analysis of the air is performed in the manner 
already described. The percentage composition is about 5-5 carbon 
dioxide, 14-5 oxygen and 80 nitrogen. 
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It is an advantage to determine the volume of each expiration 
by a spirometer attached to the end of the tubing, and it is impor- 
tant that the subject of the experiment should by a little practice 
with the apparatus learn to breathe naturally, otherwise a fair 
sample will not be obtained. 


ees. 
to Anesthetic 
Rubber Bag 


Fic. 129.— Apparatus for collection of a sample of alveolar air. 


The partial pressure, or, as it is often called, the tension of the 
component gases is :— 
Dry atmospheric air: 
5) 
Oxygen approximately = x 760 = 159-6 mm. of mercury or 21 
per cent. of an atmosphere. 


Nitrogen approximately se x 760 = 600-4 mm. of mercury or 


79 per cent. of an atmosphere. 
Carbon dioxide approximately ae <x 760 = 0-228 mm. of 
mercury or 0-03 per cent. of an atmosphere. 
The tensions of the gases of the alveolar air are calculated in a 
similar way, but the tension of aqueous vapour must be deducted 


from the pressure of the atmosphere. 


CHAPTER XXIII 


DETERMINATION OF THE RESPIRATORY EXCHANGE 
IN MAN ? 


An estimation of the intake of oxygen and output of carbon 
dioxide can be made by analyses of samples of the air expired into 
a Douglas bag. Collect a sample of expired air and analyse it ; 
then determine by means of a meter the volume of air breathed in 

1 For further details see ‘‘ The Methods for the Estimation of General 
Metabolism,’’ Part III. 
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a minute. The methods involved have been described in previous 
chapters. From the data obtained a calculation can be made as 
follows :— } 

The man breathes 7 litres per minute, and the composition of the 
expired air was 16 per cent. oxygen and 4 per cent. carbon dioxide ; 


he’ bad therefore, absorbed: 21 = 16 a= oe ee) eee mor 


100 
oxygen and discharged 4 x 7000 _ 980 ¢.c. of carbon dioxide. His 


100 
respiratory quotient, the ratio of the volume of carbon dioxide dis- 
CO,_ 280 _4_ 9. 
O, 350 5 ; 


There is a decrease of about ;; in the volume of the expired air as compared 
with the inspired air, when both are measured at 0° and 760 mm. ; the deficit 
is duo to the absorption of a small quantity of oxygen which does not reappear 
in combination with carbon as carbon dioxide, but passes out of the body in 
other products of oxidation. The increased proportion of nitrogen in the 
expired air must be taken into account when the respiratory quotient is 
calculated from volumetric analysis ; thus for every 100 c.c. of expired air the 
slightly larger volume of inspired air contained the following volume of oxygen : 


charged to the volume of oxygen absorbed is 


One 20:94 x Nitrogen of expired air 
79-07 
The respiratory quotient, therefore, in a case in which the percentages of 


nitrogen, oxygen and carbon dioxide are 80, 16 and 4, would be correctly 
calculated as follows :— 


Oxygen of inspired air = Oe ries 
79:07 
Oxygen absorbed = 21:18 —16 = 5-18 cc. 
A : co 4 
Respiratory quotient . “Tide 
oiaostel | aR aimee 


The respiratory quotient varies according to the nature of the 
food which undergoes oxidation in the body; thus, for carbohy- 
drates it is 1, for protein 0-8, and for fat 0-7. The following formule 
represent the oxidation of these different substances :— 


Dextrose : C.H,,0, + 60, = 6CO, + 6H,O. 
CO. 655 1 
OS Gre ae 


Albumin (empirical formula) : 
C72Hy13N3,02.5 + 770, = 6300, + 38H,0 + 9CO(NH.), + SO . 


CO pe 00 eatre 
0, 77 = 0-82. 
Olein . C3H,(C,,H3;0.)5 1. 800, —— 57CO, of 52H,O. 
U0, 5:57 ules 
FOS 0 © 0-71. 


The respiratory quotient in a living organism is the resultant of 
various chemical changes and may be complicated by the forma- 
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tion of fat from carbohydrate and the reverse change, carbohydrate 
from fat. For this reason respiratory quotients must not be taken 
at their face value. 

The effect of muscular exercise upon the respiratory exchange is 
most marked ; hard work may increase it five to ten times. 

For certain researches upon the respiratory exchange of man a 
respiration chamber is required. Few laboratories possess such 
an expensive apparatus, but the principles can be studied in the 
simple form of respiration apparatus for mice. 


CHAPTER XXIV 
RESPIRATION APPARATUS 


The Haldane-Pembrey Respiration Apparatus for the Mouse.— 
The apparatus is constructed as in Fig. 130. Each double absorp- 
tion tube is fitted with a wire loop, so that the glass need not be 
touched with the hand. The animal chamber—a light beaker—is 
provided with a thermometer protected against contact with the 
animal, and is also fitted with a wire loop. The moisture given off 
by the animal is absorbed by pumice saturated with sulphuric acid 
in the tubes AB. The carbon dioxide is removed by soda lime in 
the tube C, and the water given off by the soda lime is caught by 
the sulphuric acid pumice in tube D. 


M N APB. CD 
Fia. 130.—The Haldane-Pembrey respiration apparatus for the mouse. 


The animal is weighed in the beaker (with the tubes closed) 
before and after the experiment. A dummy beaker is placed in 
the opposite scale pan. The tubes AB and CD are also weighed 
against a dummy pair of tubes. During the weighings the exit 
and entrance tubes are left unstoppered. By these means errors 
due to condensation of moisture and changes of barometric pressure 
or temperature are avoided, and the weighings can be carried out 
to less than a milligramme. 

The air entering the chamber is freed from carbon dioxide and 
water by soda lime in M and sulphuric acid pumicein N. The 
amounts of water and carbon dioxide given off in fifteen minutes 
are determined by the increase in weight of AB and CD respec- 
tively. The amount of oxygen absorbed is found by subtracting 
the loss in weight of the animal weighed in the chamber from the 
total loss of carbon dioxide and water, for the animal absorbs 
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during the experiment oxygen and loses water and carbon dioxide. 
. CO, grms. 32 CO, by volume 
aan O, grms. 44 O, by volume 


The effect of external temperature upon the respiratory exchange. 
may be studied with this apparatus. 

ExampLe.—The beaker containing a full-grown mouse was placed 
in a water-bath at 9-5°C.; the mouse gave off from 250-315 
decimgrms. of carbon dioxide per ten minutes, and was active. 

When the temperature of the bath was 30° C. the mouse gave off 
103-116 decimgrms. carbon dioxide per ten minutes, and was quiet. 
The rectal temperature of the animal scarcely varied during the 
experiment. 

Mammals born in a helpless condition, naked and blind, such 
as rats and rabbits, behave like cold-blooded animals, and are 
unable to compensate for low external temperature by increased 
metabolism ; the output of carbon dioxide sinks as their body 
temperature falls. Premature infants are in a similar condition 
and may need an incubator if they are to be reared. 


=respiratory quotient. 


CHAPTER XXV 


THE CHEMISTRY OF RESPIRATION. THE GASES OF THE 
BLOOD 


In a former chapter experiments were given to prove that the 
air which is taken into the lungs loses a portion of its oxygen and 
gains carbon dioxide ; these changes correspond to differences in 
the gaseous contents of the blood ; the venous blood loses carbon 
dioxide and gains oxygen in passing through the lungs, and thus 
becomes arterial. Analysis shows that blood contains about 60 
volumes per cent. of gas, thus 100 volumes of arterial blood will 
yield 20 volumes of oxygen, 40 of carbon dioxide, and about 1 of 
nitrogen ; 100 volumes of venous blood will yield 12 volumes of 
oxygen, 48 of carbon dioxide, and 1 of nitrogen. 


Extraction and Analysis of the Gases of the Blood.—There are 
many forms of pump for the extraction of the gases of the blood ; 
the general principle is the exposure of the blood to a barometric 
vacuum. It will be sufficient for the student to work with the 
simple form of pump introduced by Leonard Hill. For other 
methods see The Respiratory Function of the Blood, by J. Barcroft. 

The pump consists of a mercury reservoir A, which is connected 
with a second reservoir B by means of pressure tubing. The con- 
nection is surrounded by a mercury cup. The upper end of B is 
closed by a three-way tap fitted with mercury cups. By means of 
this tap B can be put in connection with either the tube E leading 
to the blood-receiver F, or with the tube C leading to the eudiometer 
H. The blood-receiver F is constructed of three bulbs, so as to 
prevent the blood frothing over into B during the extraction of the 
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gases. On the lower end of E is a three-way tap. To the upper 
end of F is fixed a piece of thick small-bored pressure tubing pro- 
vided with a clip. 

The mercury used to 
fill the pump must be 
cleaned and the pump 
evacuated before use. In 
using the pump _ the 
manipulations are as fol- 
low: Fis placed in the 
position indicated by the 
dotted line. A is raised 
and B is put in connec- 
tion with F, and F is 
filled with mercury. The 
clip on the rubber tube 
at the upper end of F 
is then closed, and A 
lowered until F is ex- 
hausted, except for 2 or 
3 c.c. of mercury which 
are purposely left within. 

The screw-clip on the 
lower end of F is next 
closed, and F is then 
detached from the pump 
and weighed. A sample 
, of blood is, with due pre- 
cautions, now withdrawn 
by opening the clip in 
connection with F. It is 
now detached, and the 

= : blood is defibrinated by 

re ill’s blood-gas pump. shaking it with the mer- 
aa rk aie cury left within F for the 
purpose. F is then again weighed, and the weight of the sample 
obtained. F is next affixed to the tube E, and E is exhausted. 


Finally the screw clip - 


between E and F is 
opened, and the gases 
are withdrawn and col- 
lected in the eudio- 
meter. To facilitate 
the escape of the gases 
F is placed in warm 
water and shaken. If Fia. 132.—The three-way tap of the mercury 
the blood froths too pump. 

violently the frothin 

can be neved by ae some warm water on the tube E. The 
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tap is so manipulated that the gases only, and not the water which 
condenses in B, are driven over into the eudiometer. The water 
is returned back into F. Several exhaustions 
are needed to extract the gases. The eudio- 
meter tube is filled with mercury and surrounded 
with a water-jacket to keep the temperature 
constant. The eudiometer is transferred to a 
vessel of mercury and the volume of gas read, 
the level of mercury inside and outside the 
eudiometer being the same. The temperature 
of the water in the jacket of the eudiometer 
is also read and the barometric pressure. Pot- 
ash solution 20 per cent. is then introduced 
into the eudiometer by means of a pipette pro- 
vided with a bent end. The carbon dioxide is 
thus absorbed and the difference in volume 
read. Pyrogallic acid is then introduced and 
the oxygen absorbed. The remainder is nitro- 
gen. The temperature of the water-jacket is — 
kept constant by adding cold water during Fic. 133.—C, mer- 


the estimation. To correct the volume of gas cury vessel; t, 
to 0° and 760 mm. the following formula is ae P» 
employed :— ete 

Vv V H —f 


~ 1+ ¢.0-00367 ° 760 


where H = the observed pressure, f the tension of aqueous vapour 
at the observed temperature t. The value of 1 + ¢.0-00367 and 
of f are obtained from tables (cf. Sutton’s Volumetric Analysis). 


CHAPTER XXVI 
THE OXYGEN CAPACITY OF BLOOD 


The Ferricyanide Method of Determining the Oxygen Capacity of 
Blood.—Haldane has introduced a simple method of determining 
the oxygen in combination with the hemoglobin of the blood. It 
depends upon the fact that the combined oxygen is liberated rapidly 
and completely on the addition of a solution of potassium ferri- 
cyanide to laked blood. The gas can be easily collected and 
measured with apparatus similar to that of Dupré for the deter- 
mination of urea in urine. 

The apparatus used by Haldane is shown in Fig. 134. 

The process is conducted in the following way :—20 c.c. of oxalated 
or defibrinated blood, thoroughly saturated with air, are measured 
from a pipette into the bottle A. To this are added 30 c.c. of a 
weak solution of ammonia made from ordinary strong ammonia 
solution, sp. gr. 0-88, by diluting with distilled water to <},th. 
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The ammonia prevents the evolution of carbon dioxide and the 
distilled water lakes the corpuscles. The mixture is thoroughly 
shaken to complete the laking. Into the tube B are placed 4 c.c. 
of a freshly saturated solution of potassium ferricyanide. The 
rubber cork is inserted into the bottle A and the water in the 
burette is brought to a level close to the top by opening the tap 
and raising the levelling tube. The tap is closed and the reading 
of the burette taken. The water gauge attached to the temperature 
and pressure control tube is adjusted by sliding the rubber tubing 
backwards or forwards on the glass tube D. 

The bottle A is tilted so that the ferricyanide in B escapes and 
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Fig. 134.—Ferricyanide method of estimating the oxygen capacity 
of blood (Haldane). 


the mixture is shaken until the evolution of gas has ceased. If the 
pressure gauge indicates an alteration in the temperature of the 
water this is adjusted by the addition of cold or warm water to 
the bath. After allowing the temperature to become constant and 
levelling the water in the burette and levelling tube, the amount 
of gas is read. The temperature of the water surrounding the 
burette and the height of the barometer are taken and the gas is 
reduced to its volume at 0° and 760 mm. 

The chemistry of the process appears to be as follows :—The 
ferricyanide is reduced to ferrocyanide, for if ferricyanide be added 
to laked blood it will be found that the solution gives with ferric 
chloride the blue colour which indicates the presence of ferrocyanide. 
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Oxygen is rendered available for the formation of methemoglobin 
after the oxygen of the oxyhemoglobin has been liberated. 


0 
Hb | + 4Na,(Cy,Fe) + 4NaHCO, 
0 


L290 
— Hb 
02+ HK 


+ 4Na,(Cy,Fe) + 400, + 2H,0. 
0 f° 
In this case Hb ¢ | represents oxyhzemoglobin, and HER 
O \O 


methemoglobin, for it is held that the oxygen atoms are united 
together in oxyhemoglobin but not in methemoglobin. Accord- 
ing to some authors methemoglobin contains half as much oxygen 
as is present in oxyhemoglobin and should be represented by the 
formula Hb = O. Roaf and Smart suggest the following equation 
as a more correct expression of the reaction :— 


HbO, + 2K,Fe(CN), + 2NaHCO, = 
HbO + 2K,NaFe(CN), + 2CO, + H,O + 0, 


CHAPTER XXVII 
THE INFLUENCE OF CARBON MONOXIDE 


Carbon monoxide is a poisonous gas in virtue of its great affinity 
for hemoglobin ; oxygen is displaced and carboxyhemoglobin is 
formed. Unconsciousness, convulsions, and death are produced 
by the lack of oxygen which arises when a large portion of the 
hemoglobin is combined with carbon monoxide and thus deprived 
of its power of carrying oxygen. 

Carbon monoxide is present as an impurity in coal-gas, and in 
water-gas, which is often used in the adulteration of coal-gas, the 
percentage is a very high one. It is due to this gas that death so 
often results from coal-gas poisoning, and also from the exhaust gas 
of motors. In the air of mines after an explosion there is present 
a large quantity of carbon monoxide, due to the incomplete com- 
bustion of coal-dust ; miners overtaken by such a disaster generally 
die from poisoning by this gas. As low a percentage as 0:3 of 
carbon monoxide may produce death in man within a few hours. 

DEMONSTRATION.—A white rat or mouse is selected for the 
experiment, for it is easier in such animals to see in the snout 
and feet the change of colour due to the formation of the carb- 
oxyhemoglobin. The animal is placed under a glass bell jar and 
coal-gas is admitted ; it becomes restless, unconscious, convulsed, 
and dies within a few seconds. This is one of the quickest methods 
of killing an animal, and has the advantage that it rapidly produces 
unconsciousness. 
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If the animal be removed to free air at the beginning of the stage 
of unconsciousness it may recover. The carboxyhemoglobin is 
gradually dissociated and oxyhemoglobin is formed in its place. 
In rabbits this occurs very rapidly ; the animal quickly recovers, 
passing through a stage of incoordination. Haldane has shown that 
the best indicator of the presence of poisonous doses of carbon 
monoxide is a small warm-blooded animal, such as a mouse or 
bird, which is affected, owing to its rapid respiratory exchange, 
much sooner than a man. This method has been employed with 
success by rescue parties entering a coal mine after an explosion. 

The colour of the snout and feet of the white mouse or rat killed 
by carbon monoxide is pink or cherry red. The blood in the viscera 
has a similar colour and the contrast between the appearance of 
an animal killed by ordinary asphyxia produced by a blow on the 
head and one killed by lack of oxygen due to carbon monoxide is 
very striking. 

Perform this simple and practical test for carbon monoxide. 
Kill two animals, one by a blow on the head, the other by coal- 
gas. Cut open their bodies and compare the colours of the viscera. 
Place a drop of blood from each animal in separate test tubes, 
dilute with distilled water and examine in good daylight. The 
blood containing carboxyhemoglobin can be distinguished easily 
by its cherry red colour ; it is more pink and less yellow than the 
ordinary diluted blood. This test can be confirmed by the examina- 
tion of the two samples of blood with the spectroscope. 

The treatment of cases of carbon monoxide or coal-gas poisoning 
is to give oxygen! to increase the dissociation of carboxyhemo- 
globin and to keep the patient warm in order that his metabolism 
and the excitability of his nervous system may be raised. 


CHAPTER XXVIII 
THE REGULATION OF RESPIRATION 


The ventilation of the lungs is regulated by a nervous centre in 
the medulla oblongata. This can be proved by a series of experi- 
ments, in which different portions of the central nervous system 
are destroyed. 

DEMONSTRATION.—The medulla of an anaesthetised mammal is 
destroyed in the region of the calamus scriptorius ; respiration 
ceases immediately and the animal dies of asphyxia. 

By experiments upon other animals it can be proved that des- 
truction of no other part of the central nervous system will produce 
this sudden cessation of all respiratory movement. If the spinal 
cord be divided close to the medulla the chief respiratory muscles 
will be paralysed, but the movements of the nares will show that the 
centre is not destroyed. 

The respiratory centre is influenced in two ways: (i) by the 

1 Tt is an advantage to have 5% carbon dioxide in the oxygen in order to 


stimulate the respiratory centre (Yandell Henderson). 
L 
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composition of the blood which supplies it, and (ii) by nervous 
impulses which affect its excitability. Experiments upon these 
points can be performed by the student upon himself; he can 
alter the composition of the air in his lungs and thus affect the 
gaseous composition of his blood. 

Influence of Breathing Air Containing Carbon Dioxide.— The sub- 
ject of the experiment breathes air through a mask and valves and 
the ventilation of the lungs is determined by a meter. Then, 
unknown to the subject, the air to be breathed is taken from a gas 
bag containing air with 3 or 4 per cent. of carbon dioxide. The 
breathing is increased. Carbon dioxide stimulates the respiratory 
centre. In order to check any effects of change in resistance or 
of suggestion the gas bag should, unknown to the subject, be filled 
with pure air and the experiment repeated. Air containing 8 or 
9 per cent. of carbon dioxide will produce intolerable discomfort 
or distress. 

Influence of Breathing Different Percentages of Oxygen—After 
breathing air for some time, the subject breathes pure oxygen from 
a bag: the rate and volume breathed generally show no change, 
if precautions have been taken to avoid the effects of suggestion. 
If the oxygen be moistened with water most men cannot distinguish 
it from air taken from a similar bag. 

Air containing about 15 per cent. of oxygen can be collected 
free from carbon dioxide by breathing slowly through a flask or 
tin of soda lime into a gas bag. Experiments with this gas will 
show no change in the rate or volume of the air breathed. A fall 
of 5 or 6 per cent. in the amount of oxygen in the air is not detected. 
When the oxygen is only 10 per cent. effects are produced ; these 
will be studied in later experiments. 


Influence of Holding the Breath. —Hold the breath to the “ break- 
ing point ”’ and then collect a sample of alveolar air. The carbon 
dioxide will rise to 7 or 8 per cent.; the oxygen will fall to about 
10 per cent. 

Repeat the experiment after breathing oxygen for two or three 
minutes. The “ breaking point ’’ will not occur so soon, but the 
rise in the carbon dioxide will be the determining factor, for the 
oxygen in the alveolar air may be above 20 per cent. at the end of 
the experiment. The carbon dioxide may rise to 10 per cent. 


Influence of Forced Breathing.—Take a series of rapid and deep 
breaths for about half a minute, recording the movements by the 
stethograph.t Stop breathing when a sensation of giddiness is 
experienced. There will be no inclination to breathe for about a 
minute. ‘The condition is one of apnea, due to the washing out 
of carbon dioxide from the lungs and blood. The composition of 
the alveolar air will indicate the changes which occurred, as shown 
by the following example. The subject breathed rapidly and 
deeply, seventeen times in eighteen seconds. A sample of alveolar 


1 See p. 132. 
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air from the last expiration yielded on analysis 2-50 vols. per cent. 
of carbon dioxide and 19-23 of oxygen. Apnoea followed. The 
sample of the first expiration, when a desire to breathe was felt, 
had the following composition : carbon dioxide 5-59 vols. per cent., 
oxygen 12-59 per cent. 

The experiment should then be repeated, with this difference : 
oxygen instead of air should be breathed. The period of apnoea 
will be much longer, for the subject of the experiment will have 
more oxygen in his lungs and more in his venous blood. 

Forced breathing interferes with the circulation and often pro- 
duces giddiness. An examination of the pulse will show that the 
systolic pressure is diminished by each inspiration. If oxygen is 
taken in during forced breathing there is less discomfort ; the brain 
receives more oxygen even if its circulation of blood is disturbed. 


Influence of Muscular Exercise.—The subject of the experiment 
should take vigorous muscular exercise sufficient to produce hyper- 
pneea, but not long enough for the production of “‘ second wind.” 
A sample of alveolar air taken immediately after the exercise will 
show in many cases a considerable rise in the percentage of carbon 
dioxide and a small fall in that of oxygen. If the exercise be con- 
tinued until “‘ second wind ”’ has been established, the alveolar air 
will show less carbon dioxide and more oxygen. This accommoda- 
tion varies in different subjects, but the following example may be 
given. 

PERCENTAGE COMPOSITION OF ALVEOLAR AIR. 


Carbon dioxide. Oxygen. co, 
Vols. Vols. Oo. 
5:27 14-32 0-79 At rest. 
7-36 14-03 1-06 After running } mile. 
5-91 14-62 0-93 After running } mile more. 
“Second wind.” Sweating. 


“ Second wind” appears to be a complex adjustment of the 
respiration and circulation to the demands of muscular work. 

When a man is short of. oxygen owing to strenuous muscular 
work, he can distinguish by his sensations between pure oxygen 
and air, when he breathes these gases from two gas bags. 


CHAPTER XXIX 
CHEYNE-STOKES RESPIRATION 


In certain cases of heart disease a well-marked alternation of 
apncea and hyperpneea was observed and described by Cheyne and 
Stokes. This phenomenon is characterised by a period of waxing 
and waning respiration followed by a period of apnoea (Fig. 135). 
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In some healthy men Haldane and Douglas have shown that this 
type of periodic breathing can be produced in the following way. 
The subject breathes through a small tin of soda lime provided with 
wire gauze to prevent the suction of small pieces of soda lime into 
the mouth, and connected at the far end with a piece of tubing 
about 260 cm. long and of about 2 cm. bore. The subject thus 
rebreathes his own expired air after it has been deprived of carbon 
dioxide by the soda lime. The percentage of oxygen necessarily 
falls, the respiratory centre becomes excited and hyperpneea begins. 
Some fresh air from outside the tube will be taken in with each 


! Ma. 


COUT Oe oe 


Fic. 135.—Cheyne-Stokes respiration. (Pembrey and Allen.) 


deep breath and the percentage of oxygen will rise. The hyper- 
pnea, however, has washed out a quantity of carbon dioxide from 
the blood and air in the lungs, and apnea results owing to lack 
of sufficient carbon dioxide to excite the respiratory centre. Thus 
this alternation of breathing and apnoea may continue for several 
minutes or, it may be, hours. Some healthy men exhibit Cheyne- 
Stokes respiration readily when they perform this experiment ; 
others do not. 

Apneea can be abolished by either (i) air containing 3 or 4 per 
cent. of carbon dioxide, or (ii) pure oxygen, or (iii) air containing 
a deficiency of oxygen, about 12 per cent. of oxygen. 


SrectTion IV 


CIRCULATION 


CHAPTER XXX 


EXAMINATION OF THE PULSE AS A TEST OF PHYSICAL 
EFFICIENCY IN MAN. 


There appears to be no real test for physical fitness for every 
and any kind of occupation other than the old method of trial and 
error. A man in perfect health may be fit for one form of muscular 
work rather than another, and his capacity, which is predetermined 
by his ancestry and development, can be rendered manifest only 
by the repeated performance of the work in question. The trainers 
of men, horses and dogs pick out their subjects by trials, and the 
employer of labour finds a month on trial the best method for the 
selection of his workmen. 

Physical fitness is relative and does not necessarily mean good 
physique; the efficient performance of work involves the interaction 
of all the systems of the body ; the condition is so complex and 
the power of adjustment so great that no single measurement can 
be an infallible guide. One man may be physically efficient for a 
definite piece of work under certain conditions, such as temperature 
and moisture of the air, which would not suit another healthy man ; 
there is individuality in all men, each has a certain optimum of 
speed and environment. Any attempt to bring about uniformity 
must result in failure. 

For many reasons the pulse affords the best test of physical 
efficiency. 

The heart, as a pump, must be adjusted to the needs of the body ; 
its action will indicate the nervous control and the response to 
changes of tension in its muscular fibres produced by the filling of 
its chambers with blood. Adjustment to exercise can be determined 
readily, but the exercises selected should be a form in daily use 
by all people, such as walking or going upstairs. The advantage 
of the latter is that the minimum of work can be calculated correctly 
from the weight of the subject and the height of the ascent ; further, 
it is possible by altering the number of steps and the rate of ascent 


to grade the work done. 
149 
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The pulse-rate at rest and after exercise gives the best indication 
of physical fitness, especially if the rate of the decline of the pulse 
after work is determined by counting the pulse in consecutive 
periods of a quarter of a minute. 


Average Excess above Resting Value of Pulse-Rate in Fourth Half- 
Minute after Stepping Test. 


(24 steps per minute for 3 minutes.) 


Best athletes. Very fit men. Average men. Unfit men. 
Average. Range. Average. Range. Average. Range. Average. Range. 
15 4-5 5-0 13 
0-5 to 0-95 to 2-1 to 8-1 to 
—1-0 —1:5 —1:5 3 


Determine the pulse rate of a fellow student at rest and again for 
two minutes after exercise of 24 steps per minute for 3 minutes, 
counting the pulse in consecutive periods of a quarter of a minute. 

The average rate of the pulse at rest in 406 observations on 94 men 
was 74-7 with a range from 52 to 106; of 103 observations on 103 
women 79-5 with a range from 53 to 116. 

The longest individual range of the pulse rate at rest among 18 men 
was 36; among 18 women, 57. 


CHAPTER XXXI 
THE RHYTHM OF THE HEART BEAT IN THE FROG 


The classical work of Gaskell has shown that the beat of the 
heart depends upon the greater rhythmic power of the sinus as 
compared with the other portions of the heart. The sequence of 
contraction in the sinus, auricles and ventricle is due to the passage 
of the contraction, which begins in the sinus, over tissue of less 
conductivity ; there is, therefore, a pause in the passage of the 
wave from sinus to auricles, and from auricles to ventricle, owing 
to the blocks at the junction of the various chambers. In the 
dying heart, or by changes artificially produced, the block between 
the auricles and ventricle is increased, so that every auricular con- 
traction does not pass (Figs. 186, 137 and 138). 

The sinus and auricles often continue to contract for a long time 
after the ventricle has ceased to beat (see Fig. 137), and the sinus 
beats after the auricles have come to a standstill. 

The first Stannius’ ligature produces standstill of the auricles 
and ventricle, because it cuts off the contraction of the more 
excitable sinus from the less excitable tissue of the auricles and 
ventricle. In time the auricles and ventricle beat with their own 
rhythm, and these contractions can be initiated by the second 
Stannius’ ligature, which, tied round the auriculo-ventricular groove 


1 «Tests for Physical Efficiency,’ Hambly, Hunt, Parker, Pembrey and 
Warner. Guy’s Hospital Reports, Vol. 72, 1922. 
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will damage some of the fibres, 
and cause in the adjoining 
parts sub-excitation sufficient 
to facilitate the independent 
contraction of the auricles and 
ventricle. 

The vagus nerve is to be con- 
sidered as a nerve producing, 
not only a standstill of the 
heart in diastole, but also a 
change in its nutrition. The 
after-effect of the stimulation 
of this nerve is a more power- 
ful contraction, and the restora- 
tion of a normal sequence in the 
contraction of the various cham- 
bers of the heart, if the beat 
had been previously so irregular 
that a ventricular contraction 
did not follow that of the 
auricles (heart block); the im- 
provement in nutrition removes 
the block (Fig. 136). 

The following experiments 
should be made in illustration of 
these characteristics :— 

Examine the heart of a frog 
and note the sequence of the 
beats, then excise it and observe 
any alterations in the rhythm. 
With cleansharp scissors cut the 
sinus away from the auricles: 
observe the result. After a few 
minutes cut through the auri- 
culo-ventricular junction. Ifthe 
ventricle does not beat stick a 
pin through the middle of its 
base and note the result. When 
the ventricle is beating cut from 
the base a triangular piece of 
tissue ; the ventricle will cease 
to beat. Now stimulate the 
ventricular muscle with me- 
chanical or electrical means and 
observe the effects. 

Examples of “heart block ” 
will be found in the course of 
experiments upon the frog’s 
heart. 
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Contraction of a frog’s heart. 
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The time is marked 


= 21°, 


The beat was improved for a few seconds by the application 
Temperature of the air 


the vago-sympathetic nerve was stimulated by a strong faradising 


no drug was used. 


horizontal line 


marked by 1 


r the time 
standstill was produced and was followed by a great improvement in the beat of the heart. 


Du 


solution. 


(Pembrey and Phillips.) 


of normal tap-water saline 


current ; 


The heart was beating irreg 
in seconds. 
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CHAPTER XXXII 
THE ACTION OF DRUGS UPON THE FROG’S HEART 
The action of drugs applied to the heart of a pithed frog may 
be due to the influence of the drug upon (1) the nervous elements 


in the heart, or (2) the muscle-substance of the heart, or (3) both 
of these tissues. 


ul. § 
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Hig. 140.—Hrog’s heart. 
1, Normal; 2, three minutes after one drop of 10 per cent. solution of muscarine; 3, after the 


application of a weak solution of atropine sulphate. The time is marked in seconds. 
(Pembrey and Phillips.) 


The drug may act upon the preganglionic fibres, upon the post- 
ganglionic fibres, or upon all the nervous tissue found in the 
heart (Fig. 144). Different drugs select different parts, and the 
same drug may, according to the dose, act upon one or all of 
the nervous elements. 

The Action of Bile—Record the contraction of the heart of a 
frog, and then apply a little bile removed from the gall-bladder of 
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the same frog. The toxic effect is due to the bile salts, and in 
man may be observed in cases of severe jaundice. 


Action of Muscarine and Atropine.—Dissect out the vago-sym- 
pathetic nerve and record the effect of excitation of (1) the vago- 
sympathetic, (2) the crescent. Next with a glass pipette apply 
to the heart a few drops of 
nitrate of muscarine (10 per cent. 
solution). The tone, frequency, 
and amplitude of the heart will 
decrease until at last the heart 
becomes arrested in diastole. 
Mechanical excitation may still 
excite the heart to give a single 
contraction. 

Now apply some drops of a 
0-2-0-5 per cent. solution of 
atropine sulphate. The heart 
will begin to beat again, at first 
feebly, and then with increasing 
amplitude. Muscarine abolishes 
the tone, rhythmic power, and 
conductivity of heart muscle, 
while atropine has in each re- 
spect the antagonistic action. 
This experiment succeeds on any 
ganglion-free strip of the heart 
of the tortoise. After the appli- 
cation of atropine, excitation, 
either of the vagus or of the 
crescent, is ineffectual, for atro- 
pine paralyses the post-gangli- 
onic fibres of this nerve. The 
effect of atropine cannot be an- 
tagonised by a further applica- 
tion of muscarine (Fig. 140). 

A 1 per cent. solution of pilo- 
carpine acts in the same way as 
muscarine, and atropine acts as 
its antagonist. 

Muscarine is an alkaloid ob- 
tained from the poisonous Fly 
Agaric—a fungus. It is used as 
an intoxicant in Siberia. It is 
excreted, unchanged, in the urine, and it is stated that the urine 
is drunk when the supply is short, and thus the intoxicant is 
handed on from one man to another. 

Muscarine nitrate, C;H,;NO;, is prepared artificially from cholin, 
C;H,;NO 3. Cholin is one of the decomposition products of lecithin. 


Action of Nicotine.—Dissect out the vago-sympathetic and record 


3. Its 
y fibre 


(12) in the muscular tissue 


cell (10) of the ganglion stella- 


2. Medullated inhibitory fibre of the vagus. 


5. Post-ganglionic non-medullated fibre and its termina- 
(Pembrey and Phillips.) 


7. Ganglion cell giving rise to the medullated accelerator: 


The termination around the nerve- 


11. The post-ganglionic non-medullated nerve fibre and its terminations 


Fic. 144.—Diagram of the nerves of the heart 
9. 


termination around a ganglion-cell (4) in the heart. 
of the heart. The heart is roughly indicated in outline. 


tion (6) in the muscular tissue of the heart. 
(8) in the white ramus communicans. 


1. Nerve-cell of the vagus centre in the medulla oblongata. 
tum. 
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the beat of the heart by the suspension method. Record the effect 
of excitation of (1) the vago-sympathetic, (2) the crescent. Now 
apply to the heart drops of a 0-1 per cent. solution of nicotine 
The frequency of the heart is at first lessened and then slightly 
increased, for the nicotine firstly excites and secondly paralyses 
the synapses of the vagus fibres with the cardiac ganglia. These 
ganglia contain the cell stations of the vagus fibres. Stimulation of 
the vago-sympathetic trunk no longer produces inhibition, but aug- 
mentation and acceleration. The cell stations of the sympathetic 
fibres are in the third sympathetic ganglion. 

The vagus fibres are medullated as far as the cardiac ganglia, 
while the sympathetic fibres are non-medullated after leaving the 
third sympathetic ganglion (Fig. 144). Stimulation of the crescent 
still produces inhibition, for weak doses of nicotine do not para- 
lyse the post-ganglionic fibres. Nicotine is similarly employed to 
determine the cell stations of all the nerve fibres of the autonomic 
system (Langley). Too large a dose of nicotine paralyses the post- 
ganglionic fibres, and: renders the contraction of the muscle slow. 
At this stage stimulation of the sinus will cause a series of rapid 
beats due to the excitation of the cardiac muscle ; this acceleration 
shows as an after-effect a prolonged period of diastole. Nicotine 
finally arrests the heart-beat by poisoning the muscle. 

Action of Chloroform and Ether.—Excise two frogs’ hearts and 
place each in a watch glass containing 5 c.c. of Ringer’s fluid. To 
one add one drop of pure chloroform and cover with another watch 
glass. The heart will become feeble, lose tone, and finally stop 
beating. It will take considerably more ether to produce the 
same effect on the other heart. The causation of death from 
chloroform is cardiac failure. In the mammal the arterial pressure 
falls, and the vagus centre is rendered hyperexcitable by too con- 
centrated a dose of chloroform. Failure of respiration and syncope 
result from inhibition and poisoning of the heart. 

The relative physiological powers of alcohol, ether and chloroform 
are shown in the following table (Waller) :— 


By Molecules. By Weight. By Volume. 
Aleohol : ] 1 1 
Ether ‘ ‘ ; 8 5 5 
Chloroform . j LOO 40 75 


CHAPTER XXXIII 


PERFUSION OF THE VENTRICLE OF THE FROG’S 
HEART 


The Symes cannula is fastened into the auricles by a thread 
passed over the dorsal surface of the aortic bulb and tied in the 
sinu-auricular groove. The side tube of the cannula is connected 
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with the perfusing fluid, which is pumped by the ventricle through 
the aorta and streams downwards over the surface of the heart. 
The ventricular beat is recorded by a lever connected to the apex 
by a light clip. 

With this method determine the effects of distilled water, normal 
tap-water saline or Ringer’s fluid (Fig. 146) and of the drugs men- 
tioned in the previous chapter. 


CHAPTER XXXIV 
VASO-MOTOR SYSTEM OF THE FROG. LYMPH HEARTS 


Innervation of the Blood-vessels——Place a frog on the cork board 
provided for studying the circulation in the web. Observe the 
rate of the circulation in the web of foot. Destroy the nervous 
tissues in the cranium and the medulla. The circulation will 
become more rapid owing to dilatation of the arteries. 

Now remove the frog from the board and expose the heart. 
Suspend the frog in the vertical head-up position. Note that the 
heart and large vessels are filled with blood. Pass a blanket-pin 
down the vertebral canal and destroy the spinal cord. The heart 
and vessels will soon become bloodless owing to the loss of vaso- 
motor tone. The blood sinks into the dilated abdominal vessels 
under the influence of gravity. 


Perfusion of Frog’s Blood-vessels——Destroy the cerebrum and 
expose the heart. Fill the cannula with normal saline by means 
of a capillary pipette. Pass the cannula through the ventricle 
into the truncus arteriosus and then tie it in position with a ligature. 
Connect a rubber tube to a glass funnel and clip the tube. Fill 
the funnel and tube with Ringer’s fluid. Connect the tube with 
the cannula. No air bubbles must be introduced. Snip the sinus 
venosus and open the clip. Hang the frog in the vertical position. 
The fluid circulates, runs out of the sinus, and drops from the toes 
of the frog intoa measure glass. Measure the outflow per minute. 
Circulate Ringer’s fluid plus 1 in 1000 sodium nitrite ; the outflow 
is increased owing to vaso-dilatation. Supra-renal extract produces 
the opposite effect. 

Lymph Hearts.—In the frog the circulation of the lymph is 
maintained by the pulsations of muscular sacs composed of striated 
fibres which branch freely. There are two pairs of lymph hearts, 
an anterior beneath the scapule and a posterior pair in the ileo- 
coccygeal space. 

The central nervous system controls the lymph hearts by motor 
and inhibitory impulses. 

In a decebrate frog remove the skin from each side of the urostyle 
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and look for the pulsation of the lymph heart on each side of the 
lower end of that bone. 

Note the rate and rhythm of the pulsations and then stimulate 
the skin of the legs. Pith the frog so that the whole of the central 
nervous system is destroyed ; inhibition of the lymph hearts may 
occur or irregular pulsations may continue. 


CHAPTER XXXV 
CIRCULATION OF THE BLOOD 


Proofs of the Circulation of the Blood—The following experi- 
ments should be performed upon a decerebrate mammal. A decapi- 
tated duck is very useful owing to the great length of neck for 
dissection and the ease with which cardiographic records of the 
ventricular contractions may be taken. 

The external jugular vein and the carotid artery are exposed 
and the conditions as regards pressure and pulsation in these 
vessels are determined carefully by the fingers. A clip is placed 
on the jugular vein, the central end becomes empty, the peripheral 
end engorged. The clip is placed next on the carotid artery, the 
central end becomes distended and pulsates, while the peripheral 
end shrinks and ceases to pulsate. The clip is removed and two 
double ligatures are placed in position under each vessel. The 
vein is pricked; dark blood flows out from the peripheral end 
steadily and with little force. The vein is ligatured above and 
below the opening. The artery is pricked; bright blood spurts 
out forcibly and in jets from the central end. The artery is liga- 
tured above and below the opening. 

A cannula is placed in the trachea and connected with the 
apparatus for artificial respiration. The sternum is divided in 
the mid-line, and the thorax opened. Observe the inflation and 
elasticity of the lungs and the contraction of the heart inside 
the pericardium ; feel with the thumb and finger the contraction 
and relaxation of the ventricles. Slit open the pericardium and 
observe the heart. Ligatures are passed under the superior and 
inferior vene cave and tightened; the heart quickly becomes 
empty. Loosen the ligatures and observe the immediate filling 
of the right side of the heart. Now a ligature is passed under 
the aorta and tightened; the left and then the right side of 
the heart becomes engorged. Note the effect of loosening the 
ligature. Now tie a ligature on the pulmonary artery ; the right 
side of the heart becomes engorged and the left empty. Loosen 
the ligature and observe the effects. The heart is then excised 
and the pulsations studied. 
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The Influence of Gravity on the Circulation of the Eel.—Pith 
the brain of an eel. Fasten the animal on to a board. Expose 
the heart, which may be seen beating beneath the skin, about 
2-3 inches below the mouth. Place the animal head down in the 
vertical position. Notice the pericardium prevents the over-dis- 
tension of the heart by the weight of the super-incumbent column 
of blood. Slit open the pericardium and observe the result. The 
heart becomes greatly congested. This is especially marked in 
the eel, when reflexly excited to writhe. Turn the animal head 
uppermost. The heart gradually empties, and becomes at last 
pale and bloodless. Slowly tilt the board and observe the blood 
as it runs up the inferior vena cava and fills the heart. Place the 
animal again in the vertical posture (head up), and observe that 
the heart fills (a) on compressing the abdomen from below upwards, 
(6) on sinking the animal in a bath of water up to the level of the 
heart. In (b) the weight of the water outside tends to balance 
the weight of the blood within. 

The vagus nerve may be found at the side of the neck, and the 
effect of its excitation noted. Reflex inhibition of the heart is 
very easily brought about by striking the abdomen or gills, or 
pinching the tail of the eel. 


Demonstration of Vaso-Motor Nerves.—A white rabbit is chosen, 
or one with a white ear; the brain of the animal is pithed and 
artificial respiration established at once. The cervical sympathetic 
is exposed in the neck, where it lies behind the carotid artery, and 
is traced up to the superior cervical sympathetic ganglion. A 
thread is tied round the nerve, and the latter is cut. Observe that 
at this moment the blood vessels in the ear dilate and the ear 
becomes warmer. ‘The palpebral fissure at the same time becomes 
narrowed. The change will be much more marked had the ear 
of the rabbit been previously exposed to cold. The cervical sym- 
pathetic exercises a tonic action. On exciting the peripheral end 
of the nerve with the faradic current, the vessels in the ear will 
be seen to constrict, and this will take place to such a degree that 
all the smaller vessels will disappear from view. ‘The ear will at 
the same time become several degrees cooler. Note that the latent 
time is considerable between the excitation and the effect. Note 
that the pupil also dilates, the nictitating membrane retracts, and 
the palpebral tissue is widened. The eyeball at the same time 
projects forwards. The pupillo-dilator fibres arise from the first 
three thoracic anterior roots, the vaso-constrictor fibres from the 
second to the fifth, and even to the seventh, in the rabbit. If the 
superior cervical sympathetic ganglion be painted with nicotine, 
excitation of the preganglionic fibres will no longer have any effect 
on the ear, while excitation of the post ganglionic fibres will still 
be effectual. The sympathetic fibres to the head have their cell- 
stations in this ganglion. 


The Circulation Time of the lesser Circulation—The carotid 
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artery is exposed. A piece of thin rubber membrane is placed 
beneath it. Between the membrane and the artery a piece of 
white paper is inserted. The artery is illuminated by a strong 
light. 

"The external jugular vein is exposed on the other side of the 
neck, a clip is placed on the vein below and it is tied above, and 
into its central end a cannula is inserted. The vein cannula is 
connected with a glass syringe containing a 0-2 per cent. solution 
of methylene blue in physiological saline at body temperature. 


RU 


ra 


Fie. 147.—Dissection of the vagus (P.n.), the depressor (Dep.), and cervical 
sympathetic (Sy.) nerves in the rabbit. (Livon.) 


Put a screw clip on the piston so that one-third of the contents 
shall be ejected. The clip is removed from the vein and at a signal 
from the assistant who times the experiment the syringe is pressed. 
The stop-watch is stopped by the assistant the moment the blue 
appears in the artery. The observation is repeated several times 
with the same amount of injection. 


Record of Arterial Pressure, Effect of Excitation of the Vagus and 
Depressor Nerves. Effect of Asphyxia.—A cannula is placed in 
the carotid artery and is connected to a mercurial manometer by 
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a piece of pressure tubing, a | piece being interposed. The cannula 
and tube are filled by means of a pressure bottle or syringe with 
sodium citrate 1 per cent. solution, and the pressure in the mano- 


Fic. 148.—Arrangement of cannula, pressure bottle, and mercurial mano- 
meter for recording blood pressure. 


C, cannula; p, p’, clips; F, float; 8, writing style. 


meter is raised to about the arterial pressure. The vagus nerve 
is exposed, ligatured in two places, and divided between the liga- 
tures. The depressor nerve is exposed, ligatured, and divided 


Fic. 149.—Electrodes for exciting vagus and other nerves. (Sherrington.) 


below the ligature. The depressor in the cat runs separately from 
the vagus on the left side. On the right side it can generally be 
separated from the rest of the vagus without much difficulty. In 


166 PRACTICAL PHYSIOLOGY 


the rabbit the depressor runs separately on both sides. In the 
dog it is bound up in the vago-sympathetic trunk. “i 
The trachea is opened and a tracheal cannula inserted. This is 
connected by a side tube with a recording tambour. The writing 
styles of the manometer float and of the tambour are brought to 


rj 


Fia. 150.—Mercurial manometer fitted with float and writing style. 


write on the kymograph exactly beneath one another. A clock 
marking seconds and an electric signal placed in the primary circuit 
are also brought to write on the kymograph. The primary circuit 
is arranged to give tetanising shocks, and shielded electrodes are 
connected with the secondary coil by means of a Du Bois key, and 
are placed in position under the peripheral end of the vagus nerve. 
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The clip is then removed from the carotid artery and the kymograph 
started. Note the height of the arterial pressure, the cardiac pulsa- 
tions, and the respiratory oscillations of arterial pressure. The 
pulsations are distorted by the momentum of the mercury. 

The inspiratory fall of intra-thoracic pressure aspirates blood 
into the intra-thoracic veins and thin-walled auricles, and dilates 
the pulmonary vessels. The descent of the diaphragm expresses 
blood from the liver and abdominal vessels into the right heart in 
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Fic. 151.—The kymograph. 


the living animal. Thoracic and abdominal breathing have a 
contrary effect. Thoracic breathing produces an inspiratory fall 
of arterial pressure, and abdominal an inspiratory rise. 

Stimulate the peripheral end of the vagus nerve. The heart is 
inhibited, and the arterial pressure falls. The heart soon escapes 
from vagus arrest if the blood pressure is high. The pressure 
(after vagus inhibition) for a brief space of time rises to a higher 


level. 
The electrodes are now transferred to the central end of the vagus. 
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Excitation produces either a slight rise (pressor effect) or a slight 
fall (depressor effect) of pressure. The heart rate is reflexedly 
slowed, and the respiration is stopped with the diaphragm in 
inspiratory spasm. 

The electrodes are next transferred to the central end of the 
depressor nerve. On excitation the blood-pressure slowly falls, 
and remains at a lower level so long as the excitation is maintained. 


The rhythm of the heart is as a rule unaffected. The second vagus 
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Fig. 152.—Hering’s apparatus for demonstrating the action of the respiratory 
pump. 
A, Glass bell, thorax; B, air-tight base; K, diaphragm; ©, trachea leading t 
\ > alr-Ul} > A, gm; C, ‘ (0 lungs ; - 
meter; E, tube opening into A; F, heart with valves V. The ecien of ae iG lees 


pumps air in and out of the lungs and water thro ; 
SRE eital te thin ubber heer g' ugh the heart. The lungs and heart are 


per es now exposed and divided. The heart beats more rapidly 
and the arterial pressure rises. The vagus centre tonically cont 
the rhythm of the heart. Sees 


Asphyxia.—The trachea is clamped. Note the sequence of 
events. 


Ist stage: Respirations deeper and more ample; the beati 
of the heart is accelerated and more forcible. sais mes 
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Fic. 153 —The effect of excitation of the peripheral end of the vagus nerve 
upon the blood pressure in the aorta (top curve) and the vena cava 
(second curve) of a curarised animal with artificial respiration. Note 
the inhibition of the heart ; the great fall of aortic and the insignificant 
rise of vena cava pressure; the escape of the heart from the vagus 
action and the after effect on the aortic pressure. 


The time is marked in seconds, and the signal line shows the duration of vagus stimulation. (L.H.) 


Fia. 154. 


Aortic blood pressure. 


A, Effect of exciting the central end of vagus. The effect was depressor. B, On shifting up 
the electrodes to a fresh unexposed part of the nerve the effect changed to pressor, The 
time is marked in seconds. (L.H.) 


2nd stage: Respiration convulsive, less frequent ; blood pressure 
rising ; heart slow. At the end of the second stage the pupils 
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dilate and emission of urine and feces takes place. The veins 
are congested with black blood. 


i 2 


SSS Se Seas Sash aS Ska SSS Sa Sstke Ss 1 it 


Fig. 155.—Record of arterial pressure (AP) and plethysmogram of limb 
(volume record LV). Excitation of the depressor nerve at signal A. 
The limb expanded in spite of the fall of arterial pressure. 


The time is marked in seconds. (Bayliss.) 


3rd stage: The inspirations, which have occurred at longer and 
longer intervals, finally cease. The heart beats slowly and with 


Fig. 156.—Arterial pressure; effect of asphyxia. Animal anesthetised 
and curarised. At A the artificial respiration was stopped. The large 
oscillations are Traube-Hering curves. (L.H.) 


great force. Finally the heart beat is accelerated, and the blood 
pressure falls to zero. 


SECTION V 


ANIMAL HEAT 


CHAPTER XXXVI 
PRODUCTION AND LOSS OF HEAT 


Difference between Warm-blooded and Cold-blooded Animals.— 
Warm-blooded animals, such as mammals and birds, regulate their 
bodily heat so that their internal temperature remains constant 
notwithstanding changes in the temperature of their environment ; 
there is little or no difference in the internal temperature of men 
whether they be living in the tropics or in the arctic regions. Cold- 
blooded animals cannot regulate their bodily heat; their internal 
temperature varies with and in the same direction as that of their 
surroundings. There is, however, no hard and fast distinction 
between the warm-blooded and the cold-blooded animals. Hiber- 
nating mammals, such as the hedgehog, dormouse, and bat, are 
warm-blooded during the time of activity, but become cold-blooded 
when they hibernate. Young mammals and birds in a natural 
condition of immaturity, when they are naked and blind, cannot 
maintain their temperature at a constant level; they need the 
warmth of the parent’s body. A similar condition is seen in 
delicate or premature infants. 

The Temperature of Man.—The average temperature of man is 
round about 98-4° F. (36-89° C.). It is taken by means of a clinical 
thermometer which is either inserted in the rectum, axilla, or mouth, 
or the subject micturates over the bulb of the thermometer. Take 
the temperature of your body at each hour of the day. Chart out 
the results on a temperature chart and observe the daily variation 
(Fig. 157). Take the temperature before and immediately after 
muscular exercise, such as a fifteen minutes’ run. ‘The temperature 
may rise to 100°-101° F. (37-78°-38-33° C.) or even more on a hot 
day. A rise of temperature can be constantly observed if the 
thermometer be placed in the rectum or stream of urine; the 
buccal temperature may for the reasons given below show a fall in 
temperature during muscular work. It is important to remember 
that the daily range in the internal temperature of a healthy man 
may be from 97-0° F. (36-1° C.) to 99-6° F. (37-56° C.) ; and that 
observations taken in the mouth, even when it is firmly closed, are 
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liable to be low, owing to the danger of cooling of the tissues of 
the mouth, externally by cold air, internally by the inspired air. 

Heat Regulation.—Take a large frog, and insert a smal] ther- 
mometer in the rectum or flex up the thigh, and insert the ther- 
mometer between it and the abdomen, and record its temperature. 
Place the frog in warm water at 30°C. After fifteen minutes observe 
its temperature. It will have reached the same temperature as 
the water. Cool the frog again in cold water and take its tempera- 
ture again. Then place it for ten minutes in a thermostat heated 
to 35°C. In the dry warm air the frog’s temperature will not 
rise to more than about 30°-33° C. This is owing to the evaporation 
of water from the frog’s skin. Take the temperature of a mouse 
in the rectum and then place it in a dry thermostat at 30° C. for 
ten minutes. The temperature of the animal will scarcely vary. 
Note the quickened respiration of the animal. This increases the 
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Fie. 157.—Daily variation of temperature (urine) of man. (M.S.P.) 
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evaporation of water from the lungs. Note the way it sprawls out 
its limbs so as to increase the loss of heat by radiation, convection, 
and conduction. A man cannot bear for more than a few minutes 
immersion in a bath of water at a temperature of 44°C., but he 
can stay for twenty minutes in a dry atmosphere heated to 121° C. 
The body temperature is then regulated by sweating. 

Loss of Heat.—An approximate estimation of the amount of 
moisture lost by a man during exercise or exposure to heat can 
be made by weighing him naked before and after the exercise. 
Moisture is lost from the skin and lungs, chiefly from the former. 

The temperature of the skin also influences the loss of heat by 
radiation, convection and conduction. It may be readily taken 
by a mercurial thermometer with a flat bulb. A difference of 
10° C. may be observed in the temperature of the skin of the hand 
in summer and winter; in warm weather the cutaneous blood- 
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vessels are dilated, in cold weather they are contracted. The 
temperature, however, of those parts of the body which are con- 
stantly covered with clothing shows little change. 

Clothes diminish the loss of heat from the body by enclosing 
layers of stationary air, so that the surface of the trunk and 
ae is surrounded by a layer of air nearly as warm as the 
skin. 

EXPERIMENT.—Take the temperature of the skin of the hand and 
compare it with that of the chest or abdomen. Compare also the 
temperatures recorded in the air space between the coat and waist- 
coat, between the waistcoat and shirt, between the shirt and vest, 
and lastly between the vest and skin. In cold weather it will be 
found that the temperature of these strata of air shows a progres- 
sive rise, so that the air between the vest and the skin is almost 
as warm as the skin itself. 

The heat lost from the skin depends upon the temperature and 
moisture of the air. The temperature recorded by the wet-bulb 
thermometer is the important factor ; it can be taken by wrapping 
some moist cotton round the bulb of a thermometer and waving 
it in the air, but always keeping it upright, so that no mechanical 
displacement of the mercury may occur. 


Sweat.—The discharge of sweat is under the control of the nervous 
system, and a simple experiment will prove the existence of sudorific 
nerves. A cat is killed by an overdose of ether or chloroform. 
The sciatic nerve is exposed and stimulated by a strong faradic 
current ; after a short delay beads of sweat will be seen on the 
pads of the foot. The pad of the opposite leg will serve as a 
contrast. 


Effect of Anesthesia on the Temperature of the Body.—DEMon- 
STRATION.—A small mammal is anesthetised with chloral or urethane 
after its rectal temperature has been taken. If the animal be now 
laid on a table with its limbs spread out, and be exposed to the 
ordinary temperature of a room, its temperature will fall. This 
is chiefly due to the cessation of muscular movement and the 
paralysis of the central nervous system, which regulates the tem- 
perature of the body. The same effect follows curarisation ; sec- 
tion of the spinal cord in the lower cervical region; and the 
administration of large doses of alcohol. 

Anesthetised patients must be protected from cold. Drunkards 
who fall asleep on the roadside on a winter’s night are easily 
‘*‘ frozen to death.” 


SEcTIoN VI 


CENTRAL NERVOUS SYSTEM 


CHAPTER XXXVII 


POSTURAL TONE. VASO-MOTOR CHANGES. REFLEXES. 
ANASSTHESIA 


Postural Tone.—A simple experiment to illustrate this condition 
can be made with a tame rabbit. Place the rabbit firmly but gently 
upon its back ona table, supporting its sides by two rolls of dusters, 
then slowly remove the restraint exerted by the hands upon the 
limbs. The rabbit will remain quiet, sometimes for three or four 
minutes, with its limbs raised vertically in the air. Note that the 
limbs are tonically contracted, but after a time may show shivering 
movements. A sudden stimulus of any kind will make the rabbit 
regain its ordinary posture. 

Vaso-motor Changes in the Rabbit’s Ear.—Examine the vascularity 
of a white rabbit's ear, noting the size of the large blood vessels 
and the small connecting vessels. Hold up the rabbit by one ear 
for a few seconds and then examine the two ears for vascular changes. 
(See also Chapter XX XV.) 

Reflexes.— Determine the corneal reflex by gently touching the 
eyelashes of the rabbit ; demonstrate also the presence of a knee 
jerk. Note the size of the pupils and the third eyelid. 

Aneesthesia.—The rabbit can be easily and safely anesthetised 
by placing over its nose a small beaker containing cotton wool 
moistened with ether. Note the preliminary stage of inhibition 
of respiration, then the stage of excitation and struggling followed 
by loss of the reflexes and the tone of the limbs. The fully anesthe- 
tised animal will be limp. Observe the beating of the heart, the 
respiratory movements, nasal and abdominal, any changes in the 
size of the pupil and the appearance of the third eyelid and 
exophthalmos. 

During recovery the rabbit will show very definite lack of co-ordina- 
tion in its movements. 

174 
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CHAPTER XXXVIII 
THE FUNCTIONS OF THE CENTRAL NERVOUS SYSTEM 


The Action of Strychnine and of Chloroform.—The cerebrum of a 
frog is destroyed by means of Spencer Wells’ forceps, and then 
under the skin of the back are injected 10 minims of a saturated 
solution of strychnine (1 in 6,700). In two or three minutes it will 
be noticed that the frog cannot readily recover its hind legs after 
a jump, and soon the reflex excitability of the spinal cord is so 
augmented that a slight touch or puff of wind upon the skin causes 
a general spasm of the muscles. Convulsions quickly follow, and 
the rigid body of the frog rests on the 
mouth and toes, a position known as 
emprosthotonus. This attitude is due to 
the different strength of the various 
muscles ; all are thrown into contraction, 
but the stronger overcome the weaker. 
The muscles are somewhat relaxed after 
the spasms, but are again sent into 
tetanus by the slightest touch applied to 
the skin. 

The tonic contractions are followed by 


prolonged twitches or clonus. Fic. 158.—Diagram of the 
If during the stage of convulsions a frog’s brain. 
probe be pushed down the vertebral canal, 1, Olfactory lobe; 2, cere- 


and thus the spinal cord be destroyed, olicnt bi tears Bape tobe, 6. 
the convulsions cease at once, showing (oy eUittla Ubloneata 
that the strychnine acts upon the gang- 
lion cells and their dendrites in the spinal cord. (See Fig. 159.) 
The action of strychnine should be contrasted with that of chloro- 
form. Under the skin of the back of a frog, the cerebrum of which 
has been destroyed by Spencer Wells’ forceps, are injected 5 minims 
of chloroform. The first effect is one of stimulation, but this stage 
of excitement is quickly followed by marked incoordination and 
weakness. In about ten minutes there is marked anesthesia, par- 
alysis, and total absence of reflexes. If the frog be kept moist 
in a shallow plate full of water, and covered by a bell jar, it may 
recover from the effects of the chloroform in about eight or nine 


hours. 


Tur DISCHARGE OF NERVOUS IMPULSES FROM THE CENTRAL 
Nervous SYSTEM 


The discharge of nervous impulses by the central nervous system 
can be investigated in the frog by exciting the nerve cells by 
means of a drug such as strychnine and recording the resulting 


(sdytgd pue Aoiquiog) *.§% = ste jo einje1odulay, “spmoo00s Ul poylent st adil, oy 
an ‘We Fy ¥ ra 7 ag + . “Ol 
*‘BOIF sso[uTBiq 8 JO p100 yeutds euy uodn euruyoAys yo uorzor oY} Aq poonpoid eyosnu rue GI AL 


PA 
cd) 
ie) 
al 
© 
= 
M 
val 
= 
me 
=| 
a 
1S) 
aml 
H 
iS) 
<q 
x 
i 


ADVANCED EXPERIMENTAL PHYSIOLOGY 177 


incomplete tetanus ; or in man by the record of the contraction 
of a muscle thrown into contraction 

voluntarily, or involuntarily as_ in 
shivering. 

(a) The Incomplete Tetanus produced 
by Strychnine.—The cerebral hemispheres 
of a frog are destroyed by compression 
with a pair of small pliers or Spencer 
Wells’ forceps, and then the gastroc- 
nemius muscle is prepared with the cir- 
culation intact. A piece of string is 
placed under the gastrocnemius muscle 
and is then tightly tied round the upper 
portion of the tibio-fibula and the re- 
maining muscles; the leg is now cut 
away below the ligature. In this man- 
ner hemorrhage is prevented, the circu- 
lation in the muscle is intact, and the 
muscle is free to move with each con- 
traction. Astrong pin is placed through 
the lower extremity of the femur and is 
pushed firmly into the cork of the myo- 
graph ; a piece of moist flannel is pinned 
down over the body of the frog in order 
to prevent the contraction of the muscles 
of the trunk and limbs from disturbing 
the lever connected with the gastroc- 
nemius muscle. 

Strychnine is sparingly soluble in 
water, 1 in 6,700, but a dose of 10-15 
minims (0-592—0-888 c.c.) of a saturated 
solution of the drug in normal tap- 
water saline solution will in a frog pro- 
duce the characteristic convulsions and 
death. Such a dose is injected under 
the skin of the frog’s back. Twitches 
and convulsions soon begin and the 
contractions of the gastrocnemius muscle 
are recorded simultaneously with the 
movements of a signal marking seconds 
(Fig. 159). The number of contractions 
is about 8 or 10 per second. The stage 
of incomplete tetanus is followed by 
prolonged twitches or clonus. If the 
spinal cord be destroyed by a probe dur- 
ing the stage of tetanus the contractions 
will cease at once, showing that the 
convulsions were due to the action of the drug upon the nerve-cells 


and dendrites in the spinal end. 


Fic. 160.—Record of a voluntary contraction of the adductor pollicis. 
The time is marked in seconds, 
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Record of a Voluntary Contraction.—If a finger be placed upon a 
muscle voluntarily thrown into contraction, a series of vibrations 
can be felt. These can be recorded and their rate determined in 
the following way. 

A receiving tambour, with a button or a piece of cork fixed upon 
the rubber membrane, is connected with a bellows recorder (Fig. 
161) which is arranged to write upon a revolving drum. A chrono- 
graph is set up for marking the time in seconds. The button of 


Fig. 161.—Brodie’s bellows recorder. 
The bellows are made of aluminium plates and peritoneal membrane. 


the tambour is placed upon the adductor pollicis, or the masseter 
muscle of the subject. When the muscle is voluntarily contracted 
the lever shows a number of vibrations; these are recorded (Fig. 
160). The curve obtained resembles an incomplete tetanus with 
6 or 8 vibrations per second ; the true rate, as shown by a string 
galvanometer connected with the muscles, appears to be about 50 
per second. 


CHAPTER XXXIX 


THE FUNCTIONS OF THE ANTERIOR AND POSTERIOR 
ROOTS OF THE SPINAL CORD. THE MAJENDIE LAW 


The researches of Majendie showed that the anterior roots of the 
spinal cord were motor, and the posterior were sensory ; the former 
nerves are efferent, carrying nervous impulses from the spinal cord 
to the periphery, the latter are afferent, carrying impulses from the 
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periphery to the spinal cord. This law can be proved by experiments 
upon a brainless frog, but careful dissection and manipulation are 
necessary. 

The following are the several stages in the experiment. A small 
pair of electrodes is made by passing the bared ends of two pieces of 
fine insulated wire through a piece of cork, and the induction-coil is 
arranged for single shocks. The cerebrum of a large frog is destroyed 
by compression with a pair of Spencer Wells’ forceps, and then the 
frog is placed belly-downwards upon a cork board, and is confined to 
this position by a piece of wet flannel fastened down tightly by pins. 
A slit is made through the flannel in the line of the vertebral column, 
and the skin is reflected as far as the end of the urostyle. The ilium 
is carefully removed on one side, care being taken to avoid cutting 
any large blood-vessels, for loss of blood would lower the excitability 
of the spinal cord and obscure the dissection. For a similar reason 
the medulla oblongata, which contains the vaso-motor centre, was 
left intact. After the removal of the ilium the nerves of the sacral 
plexus can be easily found and followed up to the spinal cord. 
Starting from the top of the urostyle the lamin of the vertebre are 
carefully removed by scissors, the points of which should not be 
plunged deeply inwards, otherwise the spinal cord will be injured. 
After the removal of several laminz one of the large nerves of the 
sacral plexus is followed up to its intervertebral foramen, where a 
black swelling about the size of the head of a pin will be seen. This 
is the posterior root-ganglion. It is freed from the foramen by 
careful dissection, and the roots are traced therefrom to the spinal 
cord. Fine threads are placed under the roots, which are then 
divided in the middle of their length by clean sharp scissors. 

Stimulation of the peripheral end of the motor root will cause a 
contraction of the muscles of the corresponding leg ; stimulation of 
the central end with a weak induction shock will cause no movement. 
On the other hand, stimulation of the peripheral end of the posterior 
root produces no movement, but a similar stimulus applied to the cen- 
tral end sets up a sensory impulse which produces reflex movements. 

The roots of the spinal nerves are longest in the lower segments of 
the spinal cord; for this reason the experiment is most readily per- 
formed in this region. During development the vertebral column 
grows more quickly than the spinal cord, and thus the lower pos- 
terior root ganglia in the intervertebral foramina are separated 
from the spinal cord by a longer length of nerve-roots than in the 
case of those supplying the upper limb. 


Section VII 


THE MOVEMENTS OF THE HUMAN 
ALIMENTARY CANAL 


CHAPTER XL 


INVESTIGATION OF THE MOTOR FUNCTIONS OF THE 
ALIMENTARY CANAL BY MEANS OF THE X-RAYS 


By Arruur F. Hurst, M.A., M.D., F.R.C.P., Physician, late 
Demonstrator of Physiology, Guy’s Hospital. 


The soft viscera are transparent and the salts of the heavy metals 
are opaque to the X-rays. When therefore any part of the 
alimentary canal contains food mixed with such a salt, it casts a 
shadow on the fluorescent screen, when X-rays pass through the body. 
Barium sulphate is the most useful for this purpose, as it is unaffected 
by the hydrochloric acid of the gastric juice, and passes through the 
alimentary canal without influencing its motor functions in any way, 
and it is much cheaper than the bismuth salts which were formerly 
used. 

A small breakfast should be taken on the morning of the examina- 
tion in order that the stomach may be as empty as possible when the 
opaque meal is eaten. Half a pint of bread and milk or porridge 
mixed with four ounces of barium sulphate forms the meal. A 
penny should be fixed over the umbilicus by means of strapping, 
so that the position of the stomach and intestine in relation to the 
umbilicus may be recognised. It is unnecessary to take photo- 
graphs, but the outlines of the shadows seen on the screen should 
be marked with blue chalk on a superimposed piece of celluloid, 
and subsequently copied on to paper. 


Swallowing.—The examination is begun in the vertical position. 
A large mouthful of the opaque meal is swallowed, and its passage 
through the cesophagus into the stomach is watched. For this 
purpose the rays should pass in an oblique direction through the 
thorax from the front of the right side to the back of the left side in 
order that nothing should interfere with the view of the cesophagus, 
which traverses the clear area between the shadow of the heart in 
front and that of the spine behind. In the vertical position the food 
passes with great rapidity to the back of the pharynx, and thence 
equally quickly down the upper part of the esophagus. A mouth- 
ful of ordinary size occupies at any given moment between one and 
two inches of the length of the cesophagus. If several mouthfuls 
are swallowed in rapid succession the whole of the cesophagus 
becomes visible as a dark shadow. 

When the fluid reaches the cardiac sphincter, its rapid progress 
is arrested owing to the sudden diminution in the lumen of the 

180 


ADVANCED EXPERIMENTAL PHYSIOLOGY 181 


cesophagus. The sphincter, which is about an inch in length and 
comprises the whole or the greater part of the intra-abdominal 
cesophagus, then relaxes, and the food can be seen to run through 
it into the stomach. 

The time which elapses between the initiation of the deglutition 
act and the disappearance of the last trace of fluid from the 
cesophagus should be measured with a stop-watch. It varies 
between four and nine seconds in different individuals. About 
one-half of the total period is required for the food to reach the 


Fic. 162.—Diagrams of the passage of a bolus of barium-containing food (B) 
through the esophagus (OO), seen with the X-rays, in successive seconds 
after swallowing. 

S, spine; H, heart; D D, diaphragm; C C. cardiac sphincter; F, fundus of stomach. 


lower end of the cesophagus, the other half being required for its 
passage through the cardiac sphincter. 

Fig. 162 represents diagrammatically the shadow as seen at 
intervals of a second. 

In the horizontal position the fluid passes along the cesophagus 
slightly less rapidly than in the vertical position. A similar but 
more prolonged delay takes place while the food passes through the 
sphincter. Sometimes a small quantity of the food follows more 
slowly, and appears as a thin streak instead of the comparatively 
broad band seen when the cesophagus is filled. 

In the inverted position, with the head directed downwards, the 
food can be seen steadily ascending the cesophagus at about one- 
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third the rate it descends in the vertical position. Owing to its 
slower passage, the final delay at the cardiac sphincter is less obvi- 
ous. Sometimes a little fluid runs back from the stomach into the 
cardiac end of the cesophagus, whence it once again passes into 
the stomach. 

The Stomach.—The X-ray tube is now lowered so that the rays 
may traverse the abdomen, and the individual faces directly 
forwards. Under the left half of the diaphragm a transparent area 
is visible, which represents the gas normally present in the fundus 
of the empty stomach. More of the meal is now swallowed, and it 
can be seen entering the fundus to the right of this clear area ; the 
shadow of the stomach becomes gradually more obvious as more of 


Fic. 163.—Diagram of shadow of normal stomach. 
F = fundus; P.c = pyloric canal; U = umbilicus. 


the food is taken. The tone of the stomach diminishes as more food 
enters, so that the intragastric pressure remains constant. Conse- 
quently the upper and lower limits of the shadow remain almost 
constant, whatever quantity of food is present. When the whole 
of the meal has been taken, the outline of the stomach should be 
marked on the screen, together with the position of the umbilicus. 
The greater curvature generally reaches a short distance below the 
level of the umbilicus. The main part of the stomach is almost 
vertical, and is situated to the left of the middle line. The pyloric 
end, however, passes upwards and to the right across the middle 
line (Fig. 163). The upper limit of the gastric contents is situ- 
ated about 1} inches below the diaphragm, and is bounded by a 
horizontal line, above which is the gas-containing fundus. 


S = 


(a) VertIcaL. b.d., duodenal bulb. 


(6) HorizontTau. v.c., descending colon; 1.c., iliac colon; 
P.c., pelvic colon; v., umbilicus. 


Fie. 164.—Composite drawings of the alimentary canal to show the average 
rate in which the food passes through the normal intestines. 


The numbers in these figures represent the time after a bismuth or barium meal in which the dif- 
ferent parts of the colon were reached. The tracings were made orthodiagraphically and are 
therefore to scale and not distorted. 

(From Hurst’s ‘ Constipation.’) 
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On voluntarily contracting the abdominal muscles the lower 
border of the stomach is raised several inches, and on relaxing 
them it generally drops an inch or two. 


Fic. 165.—Diagrams of shadows of stomach after different quantities of fluid have been swallowed. 


The peristaltic waves 
can be seen passing from 
the centre of the greater 
curvature towards the 
pylorus. 

The examination 
should be continued in 
the horizontal position. 
The greater curvature is 
now seen to have risen 
above the umbilicus, and 
the clear area in the 
fundus is no _ longer 
visible (Fig. 164), the gas 
having moved to the 
most superficial part of 
the stomach, correspond- 
ing with which a reson- 
ant area can be marked 
out by percussion below 
and to the left of the 
area of cardiac dulness. 

Peristalsis should now 
be studied in more de- 
tail. The waves start 
about midway along the 
greater curvature. As 
they pass slowly towards 
the pylorus they become 
steadily deeper, until 
about one inch from the 
entrance into the pyloric 
canal the extreme pyloric 
end of the stomach is 
almost completely separ- 
ated from the rest of the 
organ (Fig. 166). The 
part thus cut off gradu- 
ally diminishes in size 
owing to the further 
passage of the peristaltic 
wave and the simultane- 


ous relaxation of the pyloric sphincter. Its contents can be seen to 
pass partly backwards as a reflux stream into the stomach and 
partly through the narrow pyloric canal into the duodenum. 


Intestines.—The first part of the duodenum, the “ duodenal bulb,”’ 
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can be clearly defined in the erect position. The chyme collects in it 
until the next peristaltic wave arrives, and it can then be seen passing 
very rapidly through the rest of the duodenum into the jejunum. 
A second examination should be made between four and five 
hours after the opaque meal. The stomach is then generally empty. 
The shadow of the czecum is seen in the right iliac fossa, and in some 
individuals a small part of the ascending colon is also visible ; the 
appendix can be frequently recognised, especially if the caecum and 
end of the ileum are separated from each other by deep palpation. 
This examination shows that about four hours are required for the 
passage of food through the small intestine. A diffuse shadow is 
generally present at this time in the pelvis. It consists of the 
terminal coils of the small intestine, 
the last few inches of which can be 
recognised as they join the cecum. 
With a narrow diaphragm for the 
X-rays, short lengths of intestine 
can generally be clearly defined and 
their movements studied. A general 
forward movement of the shadow as 
a whole, due to peristalsis, can be 
recognised. At the same time seg- 
mentation is seen to occur. The 
shadow of a short length of intes- 
tine, at first of uniform thickness, 
becomes constricted in its centre. 
The constriction increases until the 
single shadow is more or less com- 
pletely divided into two. Then 
each half undergoes a similar divi- 
sion, the two central segments of the Fic. 166.— Section through 


aeeaas pyloric vestibule (P.V.) and 
four produced by the second division Anodasal bulb (1) in nowel 


joining together. The new central man. Pe, Pe., peristaltic 
segment then divides again, the seg- wave approaching pyloric 
mentation continuing at the rate of sphincter (P.S.). 


about seven divisions a minute. 
The process is shown diagrammatically in Fig. 167. 

A further examination should be made on the following day as 
early in the morning as convenient. If possible, the bowels should 
not be opened before this examination. ‘The whole of the large 
intestine is generally visible, and its position should be marked out 
in the vertical and in the horizontal position. In the horizontal 
position the transverse colon is approximately on a level with the 
umbilicus ; in the vertical position it is considerably lower. Both 
the hepatic and splenic flexures are generally acute, especially in the 
vertical position, and the two limbs of the flexures may form a 
single shadow. ‘The effect of straining, as it occurs in defecation, 
should be observed: the whole of the colon is depressed owing to 
the descent of the diaphragm, the caecum and ascending colon 
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together forming a rounded shadow. Peristalsis is very rarely 
seen, unless examinations are made every minute after a meal 
in order to catch the “ mass peristalsis,” which occurs after meals 
as a result of the gastro-colic reflex. 


pte 
i / ( 


Fic. 167.—Diagram of segmentation in the human small intestine. 


(From Hurst’s ‘ Constipation.’) 


The individual should now retire and open his bowels. On 
returning a tracing of the colon should again be made. The whole 
of the large intestine will be seen to have taken part in the act, even 
the czecum being less full than it was before. In most cases every- 
thing beyond the splenic flexure is evacuated in defeecation (Fig. 168). 


10.30 a.m., immediately | 10.35 a.m., immediately 
before defecation. after defecation. 


Fie. 168.—Defzcation. 


The above description refers to an average individual. Very 
considerable variations occur between different people ; sometimes, 
for example, the whole of the barium is collected in the pelvic colon 
at the examination on the second morning, the rest of the colon 
being invisible. Remarkable variations in the shape, size, and 
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position of the different parts of the alimentary canal are also 
observed in perfectly normal individuals. 

Care should be taken to expose the body, and especially the hands 
and the testicles, to the rays for as short a time as possible. So long 
as no part of the body is subjected to the direct action of the rays 
for more than ten minutes during the three examinations, it is 
unnecessary to wear any special protective covering. 
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PHYSIOLOGICAL HISTOLOGY 


BY 


D. NOEL PATON 


AND 


M. 5. PEMBREY 


INTRODUCTION 


The microscope as an instrument of research is as important 
to the physiologist as it is to the anatomist; in the elucida- 
tion of function it is used as constantly as in the investigation of 
structure. 

While dead tissues may generally be used for the study of structure, 
for the investigation of function, physiological activity, living tissues 
must be employed, although insight may sometimes be gained by 
killing and examining them at different stages of their activity. 
The ideal method for the study of the relationship between the 
minute structure and function of an organism is the one which 
disturbs least its physiological activities. Owing, however, to the 
transparency of many cells and the aggregation of others into 
Opaque masses it is necessary in many cases to kill, subdivide and 
stain. The death of the cell not only abolishes its physiological 
functions but also alters its structure, both physical and chemical. 
It is necessary, therefore, to remember that many of the minute 
structures described in cells, which have been killed by reagents, 
may be artifacts. 

Physiological Histology cannot, therefore, confine itself entirely 
to the study of living tissues, but must include the preparation and 
study of tissues no longer alive. And just as the study of gross 
anatomy has preceded the study of physiology, so very frequently 
the study of minute anatomy must precede observations during 
life. Hence this course includes not merely the methods of study- 
ing the living structures but also the methods of preparing and 
studying these structures after death. 

The medical student is primarily concerned with the physiology 
of man, but few of the structures of the human body can be studied 
during life, and the tissues after death are affected by post-mortem 
changes. For these reasons most of the material must be derived 
from animals more or less closely related to man, Manifestly the 
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greatest care is necessary in applying such observations to the 
human subject, but, with the exercise of reasonable precautions 
and after careful comparison of the post-mortem conditions of struc- 
tures in the animal used and in man, valuable information may be 


gained. 


CHAPTER I 
EXAMINATION OF LIVING CELLS AND TISSUES 


Although numerous invertebrate organisms yield material suit- 
able for study in the living condition, the mammalian body affords 
few structures which can be studied in such a manner. It is pos- 
sible, however, to use the cells of the blood, ciliated epithelium, 
spermatozoa and muscle-fibres. 


Blood Cells 


Examine the red cells (erythrocytes) and the colourless cells 
(leucocytes) of frog’s blood either undiluted or diluted with aqueous 
humour obtained by puncture of the cornea with a capillary pipette. 
The aqueous fluid contains about 0°7 per cent. of sodium chloride 
and 0°4 of colloids ; it is of interest as a natural fluid medium. 

Another specimen of blood may be examined in Ringer’s solution 
(0-6 per cent. NaCl, 0-024 CaCl,, 0-042 KCl, and 0-1 NaHCO,). In 
these two fluids the structure of the cells shows no change. These 
solutions are isotonic. 

Now add to other samples of blood distilled water which is 
hypotonic, and 2 per cent. aqueous solution of sodium chloride which 
is hypertonic. In the former the corpuscles swell and burst, in the 
latter they lose water and become distorted or crenated. 

Perform similar experiments with drops of your own blood, 
using, however, a Ringer’s solution containing 0-9 per cent. of 
sodium chloride. 

The practical application of the knowledge of these effects is seen 
in the use of saline solutions for transfusion and infusion and for 
the washing or irrigation of wounds. Pure distilled water is a 
poison, as shown by the experiments upon skeletal and cardiac 
muscle (see ‘‘ Experimental Physiology,” pp. 102, 161). 

In cases of disease during which blood escapes into the urinary 
tract an examination of the urine may show the red corpuscles 
crenated owing to the hypertonic effect of the salts in the urine. 
Hemolysis. 

Mix a few drops of rat’s blood with a little distilled water in a 
watch-glass ; place some of the liquid on a slide uncovered and 
observe that the corpuscles swell up, burst and liberate hemoglobin, 
which soon crystallises. 

Hemolysis may also be brought about by solvents of the lipoid 
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surface layer of the cells. This may be demonstrated by adding a 
very dilute solution of saponin to the blood. 

The resistance of the red corpuscles to hemolysis is diminished 
in certain diseases, for example, acholuric jaundice. Normal 
human erythrocytes show a slight hemolysis in 0°45 per cent. 
sodium chloride, and complete haemolysis in 0°35 per cent. 
Ameboid Movements of Colourless Corpuscles. 

Record, by making drawings at intervals, the movements of 
colourless corpuscles of frog’s blood. Add a few drops of yeast or 
some carmine and look for the ingestion (phagocytosis) of the par- 
ticles by the corpuscles. 

The structure and functions of the blood cells will be studied in 
more detail later in preparations which have been fixed and stained 
(p. 213). 

Ciliated Epithelium 


One of the following methods may be used :— 

1. A small piece of the mucous membrane from the back of a 
frog’s mouth is scraped off and placed on a cover slip inverted overa 
moist chamber made with plasticine and provided with a small glass 
tube for the administration of gas or vapour. In the first place the 
movements of the cilia are examined and then the effects produced 
upon them by (a) nitrogen, (6) carbon dioxide, (c) ether vapour and 
(d) chloroform vapour. After the use of any of these reagents all 
traces of the gas or vapour should be removed by a stream of air. 

2. A’small piece of the gill of the salt water mussel is snipped off 
and placed in a drop of sea water on a cover glass which is then 
inverted over a cell on a slide. Movements of the cilia and the 
action of reagents upon them should be studied. 


Spermatozoa 


Press the freshly-cut surface of the epididymis of a mature rat or 
rabbit on a slide, dilute with Ringer’s solution (mammalian), 
at about 37°C., cover and examine for spermatozoa and their 
movements. 


Muscle 


The methods of preparing and examining living muscle are 
considered on p. 208. 


CHAPTER II 
PREPARATION OF PERMANENT SPECIMENS 


In order to study the structure of the various organs and the 
changes undergone during activity, it is frequently desirable to 
examine them after they have been killed, fixed, stained with 
appropriate dyes and rendered transparent. But the study of such 
dead specimens must, as already indicated, be checked by previous 
or subsequent investigation of the living tissues. 
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The material required for microscopic examination must be 
removed as soon as possible after the death of the animal in order 
that post-mortem changes may be obviated, for there are present 
in the tissues digestive ferments which destroy the structures. 
On account of such changes specimens of human tissue taken at a 
post-mortem examination are unsatisfactory, and it is necessary to 
learn to recognise the alterations produced by disease from those 
arising after death. The tissue should be cut into small pieces, 
not more than a quarter of an inch each way, so that the preserving 
fluid may penetrate rapidly. The process of killing and preserving 
the tissues in such a way as to prevent further change is known as 
Fixation. 


Fixation is a coagulation of the proteins which are present in 
every cell. As examples of this process may be taken the following :— 

(A) Heat.—Moist Heat. A jet of steam directed upon living 
cells or tissues will kill them almost instantaneously and produce 
coagulation of the protein. 

Dry heat is used in the preparation of films of cells, such as blood. 

(B) CaEmicaL Frxatives.—The coagulation may be produced by 
chemical means ; for example, alcohol, formalin, bichromates and 
osmic acid. 

Alcohol.—The tissue may be placed in 98 per cent. alcohol or, if 
there is a danger of too rapid shrinking, in ascending strengths of 
alcohol, starting with 50 per cent. Fixation by this method takes 
three days. 

Formalin, which is the name given to a 40 per cent. solution of 
formaldehyde in water, is used generally in strengths of 5 to 10 per 
cent. in 0-75 per cent. sodium chloride solution, or in alcohol or in 
saturated solution of picric acid with the addition of 5 per cent. 
glacial acetic acid. The time required for fixation in these fluids is 
twenty-four hours. For rapid fixation tissues may be placed in hot 
formalin for a few minutes. 

Bichromate of Potassium is used generally in the form of Miiller’s 
fluid, potassium bichromate 2, sodium sulphate 1, and water 100 
parts; it acts slowly, about two or three weeks being required, 
but it gives good results, especially with the tissues of the nervous 
system. 

Osmic Acid, tetroxide of osmium (OsO,), may be used in the form 
of vapour or an aqueous solution, 1 to 2 per cent. It stains most 
tissues a greyish yellow colour and adipose tissue black, and, since 
it is reduced very readily by particles of organic matter, it should 
be kept in the dark and away from dust. It is more stable in the 
form of Flemming’s solution.' ; 

Films of egg albumin on slides should be examined under the 
microscope before and after fixation by some of these methods, e.g. 
alcohol and formalin. Note the appearance in the fixed specimens 

1 Osmic acid, 0:1 per cent. 


Chromic acid, 0°25 per cent. jin water. 
Glacial acetic acid, 0:1 per cent. 
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of a network or of granules. Similar appearances in cells which 
have been fixed have led to the development of various theories as 
to the structure of protoplasm. It is unnecessary to consider here 
the evidence for or against these different views ; it is sufficient to 
point out how difficult it is to determine whether the appearances 
are or are not artificial. 


Hardening or DehydrationIn order to cut thin sections of a 
tissue it is necessary to embed it in some solid medium, such as 
paraffin or celloidin, and as a preliminary to this process the water 
must be removed by alcohol. The displacement of the water by 
the alcohol should be gradual, otherwise undue shrinkage will 
occur; for this reason the tissue is passed through alcohol of 
increasing strength, from 50 per cent. to absolute alcohol. 


Clearing. —The next stage is the removal of the alcohol by some 
reagent which will mix with alcohol and will act as a solvent of 
paraffin or celloidin. It must be remembered that time must be 
given for the displacement and that the clearing fluid should be 
renewed, for it will become mixed with alcohol. 


Embedding—1. Freezine 1n Gum.—Living tissues contain about 
70 per cent. of water. For this reason it is difficult to cut a thin 
section with a razor ; water will not stand up against a razor and 
becomes too crystalline and brittle for easy section when it is frozen. 
A soft ice, therefore, is made with a thick solution of gum or dextrin. 
The tissue, if it is fresh, can be placed at once in the gum ; on the 
other hand if it has been fixed in alcohol every trace of that fluid 
must be removed by running water before the tissue is placed in 
the mucilage. After the tissue has been soaked in the gum for 
several hours, according to the size of the piece, it is placed on a 
freezing microtome, gum is painted around it and the whole mass 
frozen by the evaporation of ether, or by compressed carbon dioxide. 
The block of tissue should cut like cheese. The sections are soaked 
in water to remove the gum, and then stained and mounted, or 
preserved in alcohol for future use. 


2. Pararrin Mrruop.—The tissue dehydrated by absolute 
alcohol is cleared in a solvent of paraffin, such as cedar oil, chloro- 
form or xylol, which removes the alcohol and enables the paraffin 
to penetrate. It is then placed in melted paraffin in an incubator, 
which is kept at a constant temperature slightly above the melting 
point of the paraffin, which should be changed after four hours. 
Tissues are damaged if they are heated above 60°C. In about 
eight hours the paraffin will have permeated the tissue, and it 
may be cast in a block and placed in cold water so that it may 
solidify rapidly without the formation of crystals or air bubbles. 
After the block has been trimmed it is fastened to the microtome 
by melting one side. Serial sections may then be cut with the 
rocking microtome or some other similar instrument. 

Rapid Paraffin Method.—In cases of necessity the process can 
be shortened greatly. Very small pieces of tissue are taken and 
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are fixed rapidly by immersion for a few minutes in boiling formalin ; 
they are then dehydrated for thirty minutes in absolute alcohol, 
placed for fifteen minutes in xylol and then in melted paraffin in 
an incubator for fifteen minutes. The tissue partly impregnated 
with the wax is transferred to another quantity of paraffin for 
another fifteen minutes. After this has been repeated a block is 
cast and sections are cut. 

3. CELLoIDIN MerHop.—This method is employed for the central 
nervous system, for large objects which cannot be infiltrated readily 
with paraffin, for tissues, such as bone, teeth and skin, which are 
not cut easily in paraffin and for organs, such as the cochlea, in 
which it is desirable to maintain the relationship of delicate parts 
undisturbed in a transparent medium. 

The tissue after fixation is dehydrated in absolute alcohol, then 
soaked in a mixture of equal parts of absolute alcohol and ether. It 
is now transferred to a thin solution of celloidin in absolute alcohol 
and ether and by stages spread over several days to thicker solutions 
of celloidin. A block of the tissue is made by placing it with thick 
celloidin in a mould formed by a strip of paper surrounding 
a piece of wood. It is then placed under a bell-jar with a small 
wide-mouthed bottle containing chloroform : the alcohol and ether 
evaporate, and as soon as the celloidin is firm the block is placed in 
85 per cent. alcohol to harden. The block is then fixed to a micro- 
tome with a sliding blade and sections cut while the celloidin and 
knife are kept moist with alcohol. 


Fixing to the Slide (see p. 200). 

Staining (see below). 

Mounting.—The sections after staining may be mounted in 
several ways. Canada balsam dissolved in xylol is an excellent 
medium, but the sections must be dehydrated by alcohol and 
cleared thoroughly by carbol-xylol before they are covered with 
the balsam. Fatty tissue should be mounted in Farrant’s or 
Apathy’s medium,' which is an aqueous solution containing no 
solvent of fat, such as the xylol in Canada balsam. 


CHAPTER III 
STAINING AND MICRO-CHEMICAL ANALYSIS 


Ordinary Stains 


It has been shown already that one of the chief difficulties in 
the examination of tissues in the living or fresh condition is the 
transparency of the component parts. For this reason dyes are 
used for the differentiation of the various structures which have 
physical as well as chemical characteristics. These stains generally 
consist either of an organic acid which is coloured, linked to a 
colourless inorganic base, or of coloured cat-ion linked to an inorganic 


1 See page 199 for the composition of these media. 
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acid. The former are generally called acid stains, the latter basic 
stains. The chromatin of the nucleus stains with the latter group, 
while the protoplasm and some of the formed material stain with 
the former. ; 

The process of staining depends upon physico-chemical differences 
in the tissues, but in most cases knowledge is not sufficiently 
advanced for the expression of the results in terms of chemical 
composition.? ; 

In preparations to be made later (blood, marrow, etc.) basic and 
acid dyes will be used for differentiation. The important basic 
dyes are :—methylene blue, toluidin blue and fuchsin. Carmine 
and hematoxylin, with its derivative hemalum, act in many respects 
as basic stains. Eosin, acid fuchsin and picric acid are examples. 
of acid stains. 


Microchemical Reactions 


The means employed for the determination of the chemical 
composition of cells and of the materials formed or stored within 
them may be illustrated by the following examples. 

Elastin, one of the sclero-proteins forming elastic tissue, can be 
stained readily by the following reagents :— 

Orcein, C;,H,NO;, is a weak acid obtained from lichens. A 
solution is prepared by dissolving 1 gm. of the dye in 99 c.c. of 
absolute alcohol and 1 c.c. of hydrochloric acid. The tissue is 
placed in this solution for about one hour, then rinsed in water and 
dehydrated in alcohol to remove the excess of stain and mounted in 
Canada balsam. The elastin is stained dark purplish brown. 

Resorcin-fuchsin stains elastic fibres dark blue. The solution 
contains 0-02 gm. of resorcin-fuchsin dissolved in 100 c.c. of 70 per 
cent. alcohol and 1 c.c. of nitric acid. The sections are warmed 
slightly in this solution for about half an hour, washed in water, 
then differentiated in alcohol for five or ten minutes, counter- 
stained with carmalum and mounted in the ordinary way. 


Collagen, another sclero-protein forming white fibrous tissue, may 
be differentiated from elastin by staining with van Gieson’s stain 
(acid fuchsin 1 per cent. 10 c.c. and picric acid, saturated solution 
100 c.c.), which colours elastic fibres yellow and collagen (white 
fibres) pink. 

Mucin.—This may be studied in sections of the large intestine 
stained for five to fifteen minutes in an aqueous solution of thionin 
blue prepared by placing 2 drops of a saturated solution of the dye in 
5 c.c. of water. This stains the tissues blue and the mucin reddish. 

Fat is present in the body as a mixture of tripalmitin, tristearin 
and triolein ; the first and second belong to the “ normal ”’ saturated 
series, the third to the “acrylic” unsaturated series. These 
differences are important in connection with the staining reactions. 

Osmic acid is reduced by oleic acid and olein, but not by the 


* See article “‘ Staining” by Bayliss in The Microtomist’s Vademecum by 
A. B. Lee. 8th edit. Edited by J. B. Gatenby, 1921, p. 120. 
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saturated fats. Further attention will be drawn to this fact in 
relation to degenerative changes in nerve (p. 227). 

The fresh tissue, such as a piece of areolar tissue containing fat 
or a piece of mesentery, is spread upon a slide and covered with 
a drop or two of 0-5 per cent. osmic acid and kept in the dark for 
ten minutes. When it is stained brownish black it is washed. with 
distilled water and mounted in Farrant’s solution} (picked gum 
arabic 10 gms., water 10 c.c., glycerine 5 gms.), or Apathy’s medium 1 
(picked gum 50 gms., cane sugar 50 gms., water 50 c.c.). 

Sudan III, or azo-benzene-azo-B-naphthol, is used in the form 
of a saturated solution in 80 percent. alcohol. The tissue or section 
is placed in the solution for about ten minutes and then washed with 
80 per cent. alcohol to remove the excess of stain; after it has been 
washed with water it is mounted in Farrant’s or Apathy’s solution. 

Scarlet R (Scharlach R), or azo-orthotoluol-azo-B-naphthol, is 
used in a similar way. 

Nile blue stains fatty acids blue and neutral fats reddish. Stain 
in a saturated watery solution for five to ten minutes, wash 
thoroughly and mount in Apathy’s medium or glycerine jelly. 

The fats are stained readily by these dyes, but most of the lipoids 
are not. A mixture of fats and lipoids, such as the fatty globules 
found in the cortex of the suprarenal gland, will, in virtue of the 
true fat, be stained; the lipoids are stained by osmic acid (see 
Suprarenal Gland, p. 223). 


Glycogen.—Jodine in a solution of potassium iodide stains glycogen 
reddish brown (see p. 201). 

Best’s Method.—The carmine stain for glycogen is prepared in 
the following way. Carmine 2 gms., potassium carbonate 1 gm., 
and potassium chloride 5 gms. are boiled gently for a few minutes 
in 60 c.c. of distilled water; the solution is allowed to cool and 
20 c.c. of ammonia are added. For staining sections, two parts of 
this solution, three parts of ammonia and three parts of methyl 
alcohol are used. 

Sections which have been fixed in alcohol and embedded in 
celloidin, are overstained with heemalum, washed in running water and 
stained for five to ten minutes in the carmine solution ; they are then 
differentiated in a solution containing absolute alcohol 80 parts, 
methyl alcohol 40 parts and distilled water 100 parts, dehydrated 
in absolute alcohol, cleared in xylol and mounted in Canada balsam. 


Iron.—The detection of the products of the decomposition of 
hemoglobin may be effected by taking advantage of the fact that 
iron in simple compounds gives a colour with certain reagents. 

Ammonium Sulphide—A scraping of the tissue, for example, 
spleen, is spread upon a slide in some of the solution, covered and 
examined at once under the microscope. The granules of iron are 
stained dark green. 

Prussian Blue Reaction.—Sections are made, washed in water, 

1 A piece of camphor or thymol should be placed in the solution in order 
to prevent the growth of moulds, 
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and are then placed for ten minutes in a mixture of 4 per cent. 
potassium ferro-cyanide and 2 per cent. hydrochloric acid. The 
iron is stained blue. The sections may be washed, counter-stained 
for ten minutes with carmalum and mounted in Canada balsam. 


Hemoglobin stains bright red with eosin. It cannot be sufficiently 
decomposed by acid alcohol to give the reaction of iron. The 
hemin and other tests are given in Chemical Physiology, p. 288. 


Routine Method for Preparation of Permanent Specimens 


The usual routine for making permanent specimens may be 
formulated as follows— 

A. Freezing Process (Rapid) 

Fix tissue in boiling commercial formalin for a few minutes, then 
place on stage of freezing microtome, surround tissue with dextrine, 
freeze, cut, float in water, float on to slide, stain, and mount in 
Apathy’s solution. 

B. Paraffin Process 
1. ORDINARY METHOD. 
Terex. 

Twenty-four hours in 10 per cent. solution of formalin saturated 
with picric acid, with the addition of 5 per cent. glacial acetic acid. 
2. Harden. 

Twenty-four hours in each (a) 50 per cent. alcohol. 


(6) 75 per cent. alcohol. 
3. Dehydrate. 


Absolute alcohol : : : : ‘ . 24 hours 
4. Clear. 

Xylol : : : : ; : : . 24 hours 
5. Impregnate. 

(a) Melted Paraffin Wax in oven ; : . 2 hours 

(b) 7 “s > - ; : . 46 


2? 


6. Cool, trim and cut. 
2. Rapip Meruop. 

Fix in boiling commercial formalin for a few minutes: dehy- 
drate for thirty minutes in absolute alcohol: clear for fifteen 
minutes in xylol: impregnate with (a) melted paraffin in oven 
fifteen minutes : (b) fresh melted paraffin in oven fifteen minutes, 
and again (c) fresh paraffin fifteen minutes. Cool and cut sections. 
Float them in warm water and fix en slides by warming. 

After this— 

1. The paraffin is removed from the section by xylol. 

. The xylol is removed by washing in alcohol. 

. The section is then washed in water. 
. Stained with the basic dye selected. 
Washed in water. 
. Counter-stained with the acid dye, e.g. eosin. 
. Dehydrated in absolute alcohol. 
Cleared in carbol-xylol and then in xylol. 
. Mounted in Canada balsam. 


OWDIDAMP Ww 
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CHAPTER IV 
THE CELL 


The physiological unit is the organism, which may be a single 
cell or a complex of millions of cells co-ordinated for the purpose 
of life. It will be convenient to study the histology of the cell from 
the following points of view :—(1) Structure, (2) Storage of Material, 
(3) Movements, (4) Reproduction, (5) Formation of Tissues, (6) 
Degeneration and Death. 


1. Structure. 


Examples of cells in the fresh or living condition have been 
considered already (Chapter I, p. 193). Owing, however, to their 
transparency, it is difficult to ascertain details of structure, and it 
becomes necessary to use dyes for the purpose of differentiation. 

(1) Large isolated cells can be obtained by scraping the buccal 
mucous membrane of man and staining the specimens with either 
hematoxylin, hemalum or methylene blue and eosin. These cells 
are not typical of the living cell, for they have already undergone 
transformations into keratin. 

(2) The living cells of the liver of a rabbit or rat may be studied 
by making a fresh cut through the organ and scraping the surface 
with a scalpel. The scrapings are then transferred to a clean cover- 
glass, another cover-glass is placed upon it and the two are gently 
pressed against one another and pulled across one another, leaving 
a thin layer or film oneach. The cover-glass with the more uniform 
layer is placed tissue downwards in a drop of an isotonic solution, 
0-9 per cent. NaCl in water, on a slide and examined. The appear- 
ance of the cells with their nuclei is studied and the existence of 
granules in the protoplasm observed. 

A solution of methylene blue (0-1 per cent. in isotonic saline 
solution) is run in at the edge of the cover-glass and the blue staining 
of the nucleus is seen. This is due to the fact that the chromatin 
of the nucleus contains an abundance of nucleic acid which reacts 
with the coloured portion of the methylene blue. 

Prepare two other films and place one in a drop of distilled water 
and one in a drop of 2 percent. NaCl. The cells of the first preparation 
swell and may break up and liberate their nuclei, the cells in the 
second shrink. These changes are due to the hypotonic and 
hypertonic nature of the respective media. 

Place a fresh film in a solution of iodine in iodide of potassium 
and note the brown staining of part of the cell protoplasm due to 
the presence of glycogen formed by the cell. 

Place another film in a drop of osmic acid and note that some of 
the granules stain dark grey or black, due to the fats formed or stored 
in the cells. 

(3) Actively growing cells, such as those to be found in tadpoles, 
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may also be used. Kill the tadpoles by placing them in Flemming’s 
solution, which fixes and to a certain extent stains the tissues. 
After the reagent has been washed away in running water, the head 
and tail are removed and the trunk is bisected along the vertebral 
column. Strips of peritoneum are torn off with fine forceps, over- 
stained with hematoxylin or hemalum, differentiated with acid 
alcohol, washed with tap-water, counterstained with eosin, dehy- 
drated, cleared, and mounted in Canada balsam. If a good sample 
of safranin is available, better results are obtained with this nuclear 
stain and counter-staining with gentian violet. In these specimens 
the structure of the cell as regards nucleus and body should be 
studied carefully. 


2. Storage of Material. 


In the cell different materials may be found stored for the use 
of the cell itself or for other cells of the body, for example, fat in 
adipose tissue and liver (p. 201), glycogen in the liver (p. 201) and 
placenta, iron in the spleen and liver, pigment in the skin and 
zymogen granules in secreting glands. Practical exercises in 
relation to these storage materials are given elsewhere (see Micro- 
Chemical Analysis, Chapter [II, and Glands, Chapter VIJ, p. 210, and 
Skin, Chapter X, p. 222). 


3. Movement. 


In the cell gross movements may be seen, as in the leucocytes 
(p. 194), for the purpose of migration, or for the inclusion of 
food or other particles, as in phagocytosis (p. 194); on the other 
hand, the movements may be localised to one portion of the cell 
as in the ciliated epithelium (p. 194). There are also movements 
within the cell itself, such as those seen during cell-division and 
secretion. Practical work on these subjects is described in the 
following chapters (Chapters V and VIL). 


4. Reproduction. 

The asexual reproduction of cells can be studied in the specimens 
of the peritoneum of the tadpole, the preparation of which has 
been described in this chapter, 1 (3). In addition strips of skin and 
plates of epithelium from the floor of the mouth of the tadpole 
should be stained in order to show mitosis (karyokinesis). 


5. Formation of Tissues. 

A tissue consists of cells in a matrix ; there may be little matrix 
as in epithelium, or an abundant fluid matrix as in blood. It is 
not clear how the matrix is formed, but in many cases, as in cartilage 
and bone, excretion by the cell appears to be the essential process 
(see Cartilage and Bone, Chapter VI). 


6. Degeneration and Death. 


It is possible to recognise that in many cases the degeneration 
and death of cells are advantageous or even essential for the welfare 
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of the complex organism. Thus, in the skin the cells as they 
approach the surface undergo a transformation into keratin, a 
horny material which by its resistant nature, both physical and 
chemical, protects the more delicate cells. 

This transformation ends in death and desquamation occurs. 
Another protective mechanism occurs in the formation of mucin 
throughout the mucous lining of the alimentary canal, where 
lubrication and protection are required. ‘The lining of the 
cesophagus (p. 211) should be compared with the skin (p. 223) and 
with the mucous cells in the epithelium of the intestine (p. 212). 
In virtue of these transformations the active living cells of the body 
are shielded by a protective layer of dead cells or the products 
of cells in the skin and by cells producing mucin in the alimentary 
tract. Lesions of these protective layers may allow the penetration 
of the living parts of the body by pathogenic organisms. It is 
necessary to remember that from the point of view of embryology 
and physiology the lumen of the alimentary canal is really outside 
the body. 


THE ORGANISM AS THE PHYSIOLOGICAL 
UNIT 


CHAPTER V 
THE CONTINUITY OF LIFE. REPRODUCTION 


The physiological action of any organism, organ or tissue, must 
be studied in relation to its structure, likewise the structure must 
be considered in relation to its physiological action, for structure 
is but an expression of physiological adaptation. 

From the physiological standpoint the organism is the unit: it 
may be an organism consisting of one cell or of millions of cells. 
Examples of unicellular organisms are abundant among the lowest 
forms of life, but it is not easy to study in them the relation of 
function to structure, although the single cell may show a consider- 
able degree of differentiation of structure, according to the complex- 
ity of its adaptation to its surroundings. 

In multicellular organisms there arises with the division of labour 
a differentiation of structure ; one tissue has some special accentua- 
tion of one function, another some other, and in each case there is 
a limitation of other capacities. Thus nervous tissue possesses 
enhanced excitability and conductivity but diminished power of 
locomotion and reproduction. 

The germ cells may be taken as a starting-point for a study of 
structure and function. There is a special advantage in such a 
course, for thereby the student is impressed with the fact that the 
specialised tissues have a common ancestry from the fertilised 
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ovum, that they are not stereotyped and that they may indeed, 
under special conditions of environment, become differentiated along 
other lines. Thus, in ectopia vesice the transitional epithelium 
of the mucous membrane of the bladder undergoes a change to 
the stratified squamous type with keratinised cells. 


Reproduction 


1. The Germ Cells.— Asexual reproduction has been studied already 
in the mitosis or division of cells (p. 202), where the mother cell 
divides into two daughter cells without any reduction in the number 
of chromosomes. In the mitosis which precedes the union of the 
germ cells in sexual reproduction the number of chromosomes is 
reduced to one-half so that when the germ and sperm unite the 
original number is restored, one-half being derived from the female 
parent, the other half from the male parent. By means of sexual 
reproduction, variability can be introduced by the fusion of part 
of the male germinal cell with that of the female. 

A section of a chick embryo at the fifth day should be examined 
to see the genital ridge and the downgrowth of the mesothelium 
with the differentiation of the germ cells which will become ova 
and ancillary cells in the female and sperm and ancillary cells in 
the male. 


2. Fertilisation—Sea urchins, male and female, can be procured 
from a Marine Biological Station from April to June. 

The process of fertilisation should be carried out in a cool place. 
Beakers of slightly less diameter than the urchins should be filled 
with clean cold sea water. Each urchin in turn is taken in the 
hand and with strong scissors an equatorial incision is made to 
separate the oral and aboral segments. The gonads are seen inside 
the shell and the testes may be distinguished from the ovaries by 
the white milky exudation. 

The aboral segments are placed, convexity downwards, over the 
beakers and in the sea water and, if the gonads are ripe, a stream 
of ova from the female and of sperms from the male flows out from 
the genital pores. 

After collecting some of the ova the urchin is removed and the 
sea water in the beaker is added to one or two litres of clean cool 
sea water in a flat glass dish. The ova gradually fall to the bottom. 
Some of them are taken up in a pipette for examination in the 
unfertilised state. Then water, into which sperms have been dis- 
charged, is mixed with the water containing the ova and ova are 
subsequently pipetted off and examined at intervals. 

The aggregation of the sperm round the ova and the formation 
of the fertilisation membrane are seen almost at once. After about 
an hour the first cleavage usually manifests itself. 

3. The Gonads. —For specimens of the ovary or the testis the 
rat is a suitable animal. 


i. Ovary.—A series of sections should be compared, young 
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immature ovary, mature ovary with ripe Graafian follicles, ovary 
of a pregnant animal with corpus luteum and the atrophic senile 
ovary ofan old animal. Notice (1) the germinal epithelium covering 
the ovary ; (2) Graafian follicles in various stages of development ; 
(3) the arrangement of the ancillary cells of the zona granulosa 
lining the follicle ; (4) Atresic follicles, follicles which have begun 
to atrophy ; and (5) the so-called interstitial cells. One section 
of a mature ovary fixed in formalin should be stained with Sudan 
IIT and the lipoids in the cells of a corpus luteum and possibly in 
the interstitial cells should be noticed. 

The comparative study of the structure of the ovary during its 
different phases of activity should involve a consideration of the 
development of the ova, the corpora lutea and their relation to 
the zona granulosa and the interstitial cells. At the same time the 
association of these structural differences with puberty, menstrua- 
tion and pregnancy must be kept in mind. 


ii. Testis —(A) A smear from the freshly-cut surface of the testis 
of an adult animal should be examined for spermatozoa. The film 
may then be fixed by drying and stained with hemalum or with 
Jenner’s stain, washed, dehydrated, cleared and mounted in balsam. 

(B) A section from the testis of a young immature male should 
be compared with one from a mature animal. In these the develop- 
ment of spermatozoa from spermatogonia should be studied as well 
as the presence of the large cells of Sertoli in the tubules and of the 
interstitial cells (the cells of Leydig). 


4. Secondary Sexual Organs.—In order that impregnation may 
occur, certain parts of the body are specially developed in each of 
the sexes. 

1. Penis —Cross-sections of the penis of an infant will show the 
character of the erectile tissue. Increased flow of blood into this 
tissue produces erection of the organ. 

2. Prostate Gland.—Sections of this accessory organ of reproduc- 
tion should be examined. 

The abundant supply of glands placed amidst the bands of 
visceral muscle secures the formation of the prostatic fluid and its 
expulsion during seminal emissions. The action of this fluid in 
activating the spermatozoa may be studied by bringing spermatozoa 
expressed from the cut surface of the testis of a mature guinea-pig 
into contact with some of the contents of the large prostatic 
reservoirs which exist in these animals. This experiment should be 
made upon a warm stage of a microscope. 

3. Fallopian Tubes and Uterus.—Sections of these organs, derived 
if possible from animals at various stages of the cestrous cycle, 

‘should be studied and the muscular coats and mucous membranes 
compared. 

Teased preparations from the uterus preserved in 33 per cent. 
alcohol to facilitate dissociation, and stained in bulk in hemalum 
should be made for the comparison of the visceral muscle of the 
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uterus of a virgin animal with that of one towards the end of preg- 
nancy. Further, if suitable material is available, the process of in- 
volution may be studied. In this series the three phases of the 
adjustment of the structure of the muscle to the needs of the 
organism will be demonstrated. 


The Nutrition of the Foetus and Suckling 

Pre-natal.—_The Placenta.—1l. A section through one of the ges- 
tation sacs of the uterus of a rabbit pregnant about ten to fifteen 
days should be examined. This will show the embryo surrounded 
by its membranes and from one surface the outgrowth of the 
chorionic villi into the hypertrophied patch of the mucous mem- 
brane of the uterus to form the placenta. In the deeper part of 
this will be seen the abundant clear decidual cells. 

In the blood-vessels of the foetal villi, the nucleated red cells 
may be contrasted with non-nucleated cells of the maternal blood- 
spaces (p. 217). 

In the mucous membrane opposite to the placenta may be found 
enormously hypertrophied cells which afford an admirable oppor- 
tunity of studying the structure of the nucleus and of the cell 
substance. 

2. Full Time Placenta (Human).—A transverse section shows 
large blood-spaces in the maternal part and transverse sections of 
the chorionic villi containing the foetal blood-vessels; the villi 
hang in the maternal sinuses, but there is no communication between 
the two vascular systems. 

Umbilical Cord.—Transverse sections of the human umbilical 
cord at full term should be stained, one with hematoxylin and 
eosin, and one with orcein. The primitive structure of Wharton’s 
jelly and the special development of the blood-vessels should be 
noted. 


Post-natal—The Mammary Gland.—In this gland is found one of 
the best examples of the relation between structure and different 
stages of activity. In the young immature animal it is rudi- 
mentary with solid columns of cells, but towards puberty it be- 
comes more developed. During pregnancy a great development’ 
of the gland takes place, and after the birth of the offspring an 
active secretion of milk is evoked by suckling. After lactation there 
is a subsidence of activity, broken by changes at the menstrual 
periods. After the menopause the gland undergoes recessive or 
senile changes. 

Sections of the gland should be obtained from (a) young imma- 
ture females, (b) mature virgins, (c) pregnant animals, (d) lactating 
mothers, and (e) old and senile females. These sections may be 
made from material fixed in Flemming’s solution, stained with ~ 
hemalum or hematoxylin and eosin and mounted in Farrant’s or 
Apathy’s medium. The globules of fat will be stained by the osmic 
acid present inthe Flemming’s solution. Preparations may be made 
from similar material fixed in formalin and stained with Sudan III. 
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CHAPTER VI 


DIFFERENTIATION OF STRUCTURE AND DIVISION 
OF LABOUR 


With the rapid division of the fertilised ovum the process of 
differentiation of structure and division of labour proceeds apace. 
As already indicated some of the cells take on one special duty, 
some another; although there is a common origin there is no 
equality, but all are necessary for the welfare of the organism. 
The neuro-muscular tissues may be called the master system, but 
without the aid of the others they are unable to perform their 
functions. From this point of view, the relation of structure to 
function may be studied in examples from the different systems of 
the higher animals. 

The embryo in the section of the uterus of the pregnant rabbit 
may be used for the study of the early differentiation of cells in 
the various organs, and a section of the head of the fetal rat is 
suitable for the study of the further differentiation of cells :— 

1. Mucoid tissue into the connective or supporting tissues :— 
(‘) Fibroblasts in fibrous tissue, (77) Osteoblasts in bone, and (772) 
Cartilage cells in cartilage. 

2. Muscle fibres. 

3. Neuroblasts. 

In the adult animal good examples of differentiation are found 
in fibrous tissue, cartilage, bone and muscle. 


Fibrous Tissue 


The formation of fibre from the spindle-shaped fibroblasts may 
be studied in the subcutaneous tissue present in the section of 
the head of the feetal rat. 


Cartilage 


Cellular —The ear of a mouse or rat after fixation in alcohol is 
macerated slightly in water, the skin on each side is scraped away 
with a scalpel and the plate of cartilage is stained with magenta 
and mounted in Farrant’s solution. 

Hyaline.—A section is cut by hand, or in the microtome, from 
the articular cartilage of a joint and stained with hemalum or 
hematoxylinand eosin. Costal_—This modification can be studied in 
sections from the cartilage of young and of old subjects; in the 
latter the tendency to calcification should be noted. 

White Fibro-cartilage—In this variety the binding action of 
fibrous tissue is combined with the padding action of hyaline carti- 
lage, as in the inter-vertebral discs. A section of an inter-vertebral 
disc cut in gum by the freezing method is stained in the ordinary 
way with hemalum or hematoxylin and eosin. bee 

Yellow Fibro-cartilage.—Where a high degree of elasticity is re- 
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quired in the supporting cartilages, elastic fibres are mingled with 
a hyaline basis. Sections cut by hand, or with a freezing micro- 
tome, from the ear of a sheep are stained, one with magenta, 
another with orcein. 

Bone 


The sections of the head of the foetal rat provide means of study- 
ing the development of bone in fibrous tissue (Intra-membranous 
Bone). In a longitudinal section of the foot of a foetal pig, the 
development of bone in connection with cartilage is shown. This 
consists of two processes—(1) The growth of the bone in thickness 
outside the cartilage, (2) The growth of bone in length by pre- 
liminary changes in the cartilage. 

Decalcification.—Material containing bone or teeth should be 
fixed, hardened, and then decalcified. The fresh tissue is placed in 
95 per cent. alcohol for three days and then in a 10 per cent. solu- 
tion of pure nitric acid, which is changed daily, for eight or ten 
days. When decalcification is complete the tissue must be removed 
from the fluid and washed for 24 hours in running water and placed 
in 95 per cent. alcohol, washed and cut by the freezing or celloidin 
method. For foetal or young bones a 1 to 2 per cent. solution of 
nitric acid should be used. 


Muscle 

Skeletal Muscle. DEvELOPMENT.—Specimens of developing muscle 
can be obtained readily in the following way. Actively growing 
tadpoles are killed by placing them in Flemming’s solution, which 
fixes and stains the tissues. The bodies are thoroughly washed 
for some hours in running water; the head and tail are removed 
and the trunk is bisected along the vertebral column. Strips of 
peritoneum with muscle fibres attached are torn off with fine forceps 
and after examination for muscle fibres are dehydrated, cleared and 
mounted in Canada balsam, or they may be given an additional stain 
to that produced by the osmic acid. Good specimens may be 
also obtained by tearing off strips of muscle from the floor of the 
mouth. 

STRUCTURE.—Fibres in natural arrangement can be obtained 
from the sterno-cutaneous muscle of the frog. The skin is divided 
in the mid-line from the lower jaw to the xiphisternum ; on pulling 
apart the flaps a thin strand of muscle passing from the skin to 
the sternum will be seen on each side; by allowing alcohol or 
formalin to flow slowly from a pipette over the muscle it can be 
fixed in its natural position. After fixation it is carefully removed, 
stained and mounted in Canada balsam. 

Cross-sections of the tail of the newt contain large muscle fibres 
cut transversely showing the sarcolemma, muscle corpuscles and 
the fibrils cut across thus giving the contents of the fibre a 
granular appearance. 


Contraction of Skeletal Muscle. The sartorius muscle of a frog 
recently killed may be divided into two longitudinal strips; one 
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strip should be kept extended by ligatures passing from each end and 
tied below the glass slide and the middle portion should be covered 
with normal saline solution and studied under the microscope. 
The other strip is allowed to contract ; after it has been teased it 
is mounted in saline solution and examined. 

For the study of the changes in the fibrils, or sarcostyles, of the 
muscle, strips of muscle, one extended and another contracted, 
should be exposed to the vapour of osmic acid and then teased 
finely, mounted and examined. The osmic acid kills the muscle 
and coagulates its proteins; it is difficult, therefore, to interpret 
what may be seen or to determine whether the appearances are 
or are not artificial. 

Red and White Muscle of the Rabbit—In the Advanced Experi- 
mental Physiology the functional differences in these two kinds of 
muscle have been described (p. 90). Make teased preparations 
of pieces of the two kinds of muscle, which have been fixed with 
alcohol and then macerated in weak alcohol, stain with picro- 
carmine, hemalum, or hematoxylin and eosin, and mount in gly- 
cerine. Compare the specimens; in the red muscle the nuclei 
are numerous, are found throughout the protoplasm of the fibre 
and are not confined to the surface under the sarcolemma. The 
red colour is due in part to dilatations upon the capillaries, in 
part to a special pigment, myohzmatin. 

Cardiac Muscle—The heart of a recently-killed frog or mouse 
is exposed and a ligature is tied round the base; by means of a 
pipette passed through the ventricle the auricles are washed free 
from blood with saline solution and are then distended and fixed 
with alcohol or formalin. The thin walls of the auricles are cut 
away from the heart, stained with hemalum or hematoxylin and 
eosin and mounted in Canada balsam. Specimens may be made 
also in the following way. The ventricles of the heart are fixed 
in 33 per cent. alcohol to facilitate dissociation and stained in 
bulk in hemalum; fibres are teased apart and mounted in 
Apathy’s medium. 

Involuntary Muscle. Bladder —Cut out and open the urinary 
bladder of a frog, spread it on a slide and with the finger rub off 
the mucous membrane, fix with alcohol, stain with hemalum or 
hematoxylin and eosin and mount in Canada balsam. 

Uterus.—Preparations to show the changes produced in the in- 
voluntary muscle of the uterus by pregnancy and involution have 
been described already (p. 205). 


CuapTer VII 
THE NUTRITION OF THE ORGANISM. DIGESTION 


The nutrition of the body involves the digestion of food, the 
absorption of the products of digestion and their distribution to 
the living tissues. In these processes mechanical and chemical 

P 
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means are employed and the structural equivalents are the mus- 
cular and glandular parts of the alimentary canal. In the mouth 
the teeth and the adjacent muscular structures reduce the food to 
a state of fine subdivision and the salivary glands supply the sol- 
vent, the fluid and enzyme of the saliva. In the stomach and the 
intestines the secretions of the various glands exercise their specific 
chemical actions and the activity of the cells leads to the absorption 
of the products of digestion. 


I. Digestion in the Mouth 


Teeth—Study a longitudinal section prepared by grinding an 
unsoftened tooth. Cut a tooth longitudinally with a fine saw. 
Rub one cut surface smooth on a fine whetstone. Wash it with 
water, alcohol and ether, and cement it with Canada balsam to a 
microscope slide. When it is fixed grind down the tooth to a thin 
film. Wash as before and mount in balsam. Note outside the 
pulp cavity which is empty in such a specimen :—(1) The great 
mass of dentine with its tubules, (2) the enamel covering the crown 
of the tooth, and (3) the thin layer of bone enclosing the fang. 

The development of the teeth can be studied in the sections 
through the head of a fcetal rat stained in bulk in picrocarmine. 
Hemalum and eosin may be used for other sections. 

Tongue.—In virtue of its muscular tissue the tongue acts not 
only in forcing the food between the teeth during chewing but 
also in swallowing. The glands in its structure assist the salivary 
glands in softening the food. The epithelial covering is roughened by 
processes, the papillz, and in some of these are found the taste buds. 

A transverse section of the tongue of a cat should be stained 
with picrocarmine or with hemalum and eosin. The epithe- 
lium of the upper and lateral surfaces should be compared ; the 
papilla are covered with keratinised cells, which in places are 
detached as the “fur” of the tongue. The taste buds are con- 
sidered under the Special Senses (p. 228). 

Salivary Glands.—Scrapings from the freshly cut surface of the 
sub-maxillary gland of a rabbit should be spread between two 
cover-glasses and then mounted in 0-9 per cent. NaCl. By rotating 
the cover-glass on the slide dissociation may be carried out to the 
proper extent to allow of individual acini and cells being seen. 

Note the branching arrangement of the ducts which terminate in 
the secreting acini and the existence of large mucinogen granules 
in some of the cells and of much finer granules of zymogen in 
others. If these latter cannot be seen in scrapings from the sali- 
vary gland they may be studied in the pancreas (p. 212). The 
salivary gland of an animal in which salivation has been produced 
by the administration of pilocarpin may also be examined. 

Sections of zymin and of mucus secreting salivary glands should be 
compared. In carnivorous animals the mucous alveoli are more 
developed to provide mucus for the lubrication of the crushed bone 
of their food ; on the other hand, in herbivora the serous or zymin 
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secreting acini predominate for the supply of liquid for the dilution 
- ae ies during mastication or rumination, and for the digestion 
of starch. 


II. Swallowing 


In this process the chief structures required are muscle for the 
propulsion of the bolus of masticated food, and glands for the 
production of the lubricant, mucus. 

Tonsil.—Sections of the tonsil of a dog should be examined. 
The depression or crypts on the surface may be seen extending 
into the masses of lymphoid tissue, which constitutes the tonsil, 
and leucocytes may be seen emigrating through the epithelial 
layer. Mucous glands at the side of the tonsil will also be seen. 

(sophagus.—In the transverse section the keratinisation of the 
cells towards the surface of the epithelium and the deeply-stained 
proliferating layer below should be noted. Mucous glands to pro- 
duce a secretion to lubricate the gullet are present in most animals. 
The striated type of muscle fibre is found especially in the upper 
portions of the cesophagus, and in some animals, such as the dog, 
as far down as the cardiac sphincter. The differences observed 
in the movements of the cesophagus and those of other parts of 
the alimentary canal are related to the presence of striated and 
visceral muscular fibres. 


Ill. Digestion in the Stomach 


The stomach consists of a cardiac reservoir in which the food 
is acted upon by the gastric juice secreted by the cardiac glands 
and a pyloric churn in which it is thoroughly mixed with this 
secretion, and with the secretion of the pyloric glands. It is at 
first prevented from passing on into the intestine by a circular 
band of visceral muscle, the pyloric sphincter, which relaxes from 
time to time to allow the escape of the chyme. 

Compare sections of the cardiac and of the pyloric portions of 
the stomach. The latter sections should be longitudinal and should 
extend through the pyloro-duodenal junction. Note the glands 
opening upon the surface. At the cardiac end they are long, 
straight tubules opening into short ducts. At the pyloric end the 
ducts are longer and wider, and several branching acini open into 
each. 

The acid-producing oxyntic cells are stained bright red with 
eosin, and the pepsin-producing cells are stained with the hama- 
toxylin. Note the presence of the thick band of visceral muscle 
fibres forming the pyloric sphincter. 


IV. Digestion in the Intestines 
Small Intestine.—1. A transverse section of the jejunum of a cat 
orrabbit may be stained with hemalum and eosin examined for :— 
(1) the arrangement of the two layers of the visceral muscle and 


212 PRACTICAL PHYSIOLOGY 


cells of the myenteric nervous plexus between the layers; (2) the 
very loose submucous layer which allows free movement of the 
muscular layer apart from the mucous membrane, and (3) the 
mucous membrane consisting of (a) the muscularis mucose, (b) the 
tubular glands, and (c) the villi. Note the enormous extent of 
absorbing surface produced by the development of villi, and observe 
also the abundance of lymphoid tissue. 

Absorption of Fat.—Sections fixed and stained with osmic acid and 
counter-stained are prepared from the small intestine of a suckling 
(kitten or pup) or from a frog which has been fed some time previously 
with fat by the introduction of lard or cream into its cesophagus. 
In the epithelium and in the centre of the villi droplets and particles 
of fat are to be seen stained black with the osmic acid. 

The glands opening between the villi are simple tubes. 

Contents of the Small Intestine—Examine films of the contents 
of the small intestine of a rat or cat, which has been fed upon a 
mixed diet, and determine as far as possible the constituents of the 
food and the presence of bacteria. 


Pancreas.—(i). Prepare films in 0-9 per cent. NaCl of scrapings 
of the cut surface of a fresh pancreas, or snip off the edge from 
the thin diffuse pancreas of a rat and squeeze it out under a cover- 
glass in 0-9 per cent. NaCl and study the acini and cells, noting 
the character of the zymogen granules. Note also that several 
branching acini open into a common duct. 

(ii). Sections of the pancreas during rest and after activity are 
examined in relation to the zymogen granules. The distribution 
and structure of the islets should be noted. 

Liver.—Sections cut across one of the larger portal tracts and 
stained with hzemalum and eosin should be examined. In the 
tract the large branch of the portal vein, the branches of the hepatic 
artery and the bile duct should be identified. The columnar 
epithelium lining the duct and the mucous glands opening into 
its lumen should be noted. ‘The construction of the portal tract 
or canal must be considered in relation to the fluids flowing in the 
different vessels and the effects which distension of one set of 
vessels will produce upon the others. 

Sections of a liver with the branches of the portal vein and the 
bile ducts separately injected should be examined in order to see 
the relationship of the blood capillaries to the bile capillaries in 
the lobules. 

The structure of the gland in relation to its functions has been 
studied already (Cells, p. 201, Glycogen and Iron, p. 199) and later 
the special vascular arrangements will be compared with those of 
the kidney (p. 221). 


Large Intestine. 


(1) Appendia.—aA transverse section of the appendix of a child 
shows the abundance of lymphoid tissue. 


(2) Colon.—In a transverse section of the colon of a cat stained 
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with thionin or mucicarmine! notice the absence of villi, the 
abundance of mucus-secreting cells in the glands and the absence 
of lymphoid tissue, the presence of which in the small intestine 
is co-related with absorption of the products of digestion. 

Examine the contents of the lower part of the large intestine 
for the remains of food and abundant bacteria. 


CHaprerR VIII 


THE TRANSPORT OF MATERIAL TO AND FROM THE 
TISSUES 


THE BLOOD AND CIRCULATION 


The Blood 


Structure.—The examination of fresh blood has been considered 
already (p. 193). 

Blood Films.—Clean the finger behind the nail, or the lobe 
of the ear with alcohol. Pass a clean needle through lysol, dry, 
and sharply prick the skin. Spread the drop of blood in a thin 
layer between two clean cover-glasses by gently drawing them 
apart. Dry them in the air. Fixation will be effected by the 
alcohol in the eosin stain. 

Jenner's Stain.2—Immerse the cover-glass with the dried film 
in the stain for two minutes. Pour off the excess and add water 
drop by drop until a metallic film appears on the surface. Stain 
for five minutes. Rinse in distilled water until the film has a pink 
colour. Dry thoroughly in the air and mount in Canada balsam. 

Differential Count of Leucocytes—Examine 300 leucocytes in 
the film noting how many of the various types are present. 


Estimation of the Heemoglobin of the Blood. Gowers-Haldane Hemo- 
globinometer.—The construction of this instrument is shown in 
the following figure (Fig. 169). The standard solution in tube D 
is a 1 per cent. solution of ox blood saturated with coal gas, which 
contains carbon monoxide. The oxygen capacity of the ox blood 
from which the standard was prepared was 18-5 per cent. ; this 
was determined by displacing the oxygen from laked ox blood with 
ferricyanide of potassium and measuring the amount of gas. The 
percentage of hemoglobin corresponding to 18-5 per cent. oxygen 
capacity is about 13-8 per cent. The normal human blood when 


1 Stock solution of mucicarmine. Carmine 1 grm., aluminium chloride 
0°5 grm., and 2 c.c. of distilled water heated over a small flame for two min- 
utes, and made up to 100 c.c. with alcohol 50 per cent. For use this solution 
is diluted ten times with distilled water. : BS 

2 Equal parts of water-soluble eosin 1-2 per cent. in water and medicinal 
methylene blue 1-0 per cent. in water are thoroughly mixed in an open dish and 
left for 24 hours. The mixture is filtered and evaporated to dryness in an 
incubator at 50°C. For use 0-5 gm. of the powder is shaken up thoroughly 
in 100 c.c. of pure methyl-alcohol and filtered. 
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saturated with carbon monoxide and diluted with water to the 
mark 100 on tube C corresponds in tint to the standard, and has 
therefore an oxygen capacity of 18-5 per cent. 

Add distilled water to tube C up to the mark 20. Take exactly 
20 c.mm. of blood in the pipette B and blow it into C. Passa 
narrow glass tube connected with a gas burner into the free part 
of tube C. Turn the gas on and push the glass tube down near to 
the blood. The gas tube is then withdrawn, and tube C quickly 
closed with the finger to prevent the escape of the gas. The tube 
is then inclined up and down about a dozen times, so that the 
hemoglobin becomes saturated with carbon monoxide. 

Distilled water is then added drop by drop from the dropping 
pipette A, until the tint appears equal to the standard. After 
half a minute read the percentage, and then add another drop or 


Fig. 169.—Hemoglobinometer. 


drops until the tints appear just unequal. Read the percentage 
again, and take the mean of the two readings as correct. In 
comparing the tints hold the tubes against the light of the sky, 
and frequently change the tubes from side to side. 


The Number of Corpuscles in the Blood. The Hemacytometer.— 
The Thoma-Zeiss instrument consists of a counting chamber and 
accurately calibrated pipettes! (Fig. 170). 

The finger behind the nail or the lobe of the ear is cleaned with 
alcohol and ether, and a drop of blood is drawn by the stab of a 
lancet-shaped needle. The finger should not be constricted by a 
ligature during this operation. The point of the pipette is placed 
in the drop, and the blood is aspirated as far as the mark 1. The 
traces of blood on the point of the pipette are then removed and 


* After use this pipette should be cleaned by sucking up water, alcohol 
and ether in turn and allowing the liquids to run out. 
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the pipette is dipped into Hayem’s fluid ! or isotonic saline solution. 
The fluid is sucked up until the diluted blood reaches the mark 
101. The tip of the mouthpiece is then closed by the finger and 
the pipette shaken. The glass bead in E mixes the blood and 
the diluting fluid. The bulb contains 1 part of blood and 99 
of the diluting fluid. 

Now blow gently into the mouthpiece (M), reject the first few 
drops and then place a drop on the disc B in the centre of the 
counting chamber. When the specially ground coverslip D is fixed 
in position the fluid should just cover the disc. The counting 
chamber is then carefully focused under the low power of the 
microscope until the scale C is visible, the slide is then left at rest 
for a few minutes. When the corpuscles have subsided, using the 
high power, count the number in three large divisions, each division 
consisting of sixteen squares, and take the average per square. 


0.100mm. 
400 


quit mM. 


Fig. 170.—The Thoma-Zeiss heamacytometer. 


Each square has an area of ¢}5 Sq. mm., and as the distance 
between the disc B and the cover-glass D is ;'5 mm., each square has 
resting upon it zo!) c.mm. of the diluted blood, and as the dilution 
of the blood was 1 in a 100 the average number in a square X 
4000 x 100 = the number of corpuscles in 1 c.mm. of blood. 

In counting the white cells it is necessary, in order to get a fair 
average, to count the corpuscles in the sixteen divisions of the 
scale, 256 squares. It is best to dilute the blood with Thoma’s 
fluid,2 which lakes the red corpuscles and stains the nuclei of the 
white corpuscles. The dilution of the blood is 1in 10, anda special 
pipette is used. 

The Colour index of the blood is the ratio of haemoglobin to red 
corpuscles. The average number of red corpuscles in the blood 
of healthy men is 5,000,000 per 1 c.mm. 


1 Sodium chloride, 2 gms. ; sodium sulphate, 10 gms. ; mercury perchloride, 


1 gm.; and water 400 c.c. ; a 
2 Acetic acid (B.P.) 1 ¢.c.; gentian violet solution 0:5 c.c. and distilled 


water 100 c.c. 
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The Specific Gravity of the Blood—A number of test tubes 
are taken and filled with mixtures of glycerine and water, which 
vary in specific gravity from 1030 to 1075. The lobe of the ear 
or the skin behind the finger nail is pricked and a drop of blood is 
drawn into a fine pipette with the point bent at a right angle. 
The blood is blown in small droplets into the middle of the solution 
in several of the test tubes until the solution is found in which 
the blood neither sinks nor rises. The specific gravity of this 
solution is determined with the hydrometer. The behaviour of the 
droplet must be noted at the moment when it enters the solution, 
for the blood quickly alters owing to osmotic changes. The specific 
gravity of the blood is about 1060; of the plasma 1026-29. In 
the same way the specific gravity of fragments of muscle or other 
tissues may be determined, and thus an estimate of the amount of 
lymph present may be formed. 

In place of the glycerine and water a mixture of chloroform and 
benzol may be used. By the addition of either fluid a mixture 
can be obtained in which a drop of blood remains suspended. 
The specific gravity of the mixture at this stage is determined 
by a small hydrometer. 


The Relative Volumes of Corpuscles and Plasma. The Hematocrite. 
—A small quantity of blood is centrifugalised in a graduated glass 
tube of narrow bore, the hematocrite. The rotation must be at a 
high speed (10,000 revolutions per minute) in order to bring about 
the separation of the corpuscles from the plasma before the blood 
clots. The usual proportions are each about 50 per cent. 


Hemoglobin Crystals 


A simple method of preparing these crystals has been given 
already (p. 193). 

The Coagulation of the Blood.—This subject is considered in 
detail in Chemical Physiology, p. 283, but it is convenient to deter- 
mine in this course the time of clotting. 

Coagulation Time. The Coagulometer: of Dale and Laidlaw.— 
The structure of this apparatus is shown in Figs. 171 and172. The 
essential part is a short length of capillary glass tubing which 
contains a small shot. The determination of the coagulation time 
is carried out in the following way. The subject pricks his finger 
and the observer starts a stop-watch as soon as the drop of blood 
appears. The capillary tube is brought into contact with the 
drop of blood and as soon as it is filled it is placed in the clip, the 
jaws of which have been prepared with clean plasticine. The clip 
with the tube is immersed in a basin of water at 38° and rotated 
from time to time so that the shot runs gently up and down. Soon 
the sudden increase in viscosity due to coagulation will prevent 
the shot from travelling along the tube and when the shot stops 


? The apparatus can be obtained from Messrs. Burroughs, Wellcome & Co., 
London. 
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dead with the tube held in the vertical position the stop-watch is 
stopped and the reading taken. The average coagulation time is 
about one minute forty-two seconds. 

Formation of Fibrin.—Prick the finger or the lobe of the ear 
and place a drop of blood on a slide and cover it with a cover-glass. 
Allow the blood to clot, then remove the cover-glass and the clot 
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See 


Fig. 171. Coagulometer of Dale and Laidlaw. 


will adhere to it or to the slide. Wash it carefully with tap water 
until all the pigment is removed. Stain with magenta and examine 
the network of fibrin filaments. Allow the preparation to dry 
and mount it in Canada balsam. 

Examine a section of a blood clot which has been stained with 
hematoxylin and eosin. 


Fig. 172. Coagulometer of Dale and Laidlaw in clip. 


DEVELOPMENT 


Red Corpuscles. Red Marrow.—A long bone from a rat or 
rabbit is split open to expose the marrow and films of the red 
marrow are made ; one is covered with isotonic saline solution and 
examined in the fresh condition, another preparation is fixed with 
formalin, stained with eosin and methylene blue and mounted 
in Canada balsam, Sections may also be used. Examine the 
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preparations for the different forms of cells—the fat cells, giant 
cells, erythroblasts and leucoblasts, and the cells of the blood. 


White Corpuscles. Lymphatic Glands.—(1) Scrapings from a 
fresh gland may be prepared as films; one should be examined 
fresh in isotonic saline solution, another should be fixed with 
formalin, stained with eosin and methylene blue and mounted in 
Canada balsam. (2) A section of a lymphatic gland stained with 
hemalum and eosin and mounted in balsam shows the capsule and 
trabecule, the sinuses with phagocytes and the germ centres where 
lymphocytes develop. 


Hemolymph Glands.—Examine sections of these glands and 
compare their structure with that of a lymphatic gland and spleen. 


FATE OF THE RED CORPUSCLES 


Spleen.—Film preparations should be made, one for examination 
in isotonic saline solution, another fixed and stained as a permanent 
specimen. A section of the spleen of a child stained with hemalum 
and eosin shows the capsule and trabeculae containing visceral 
muscular fibres, the nodules of lymph tissue in the Malpighian 
corpuscles and the spleen pulp with sinusoid capillaries lined by a 
prominent endothelium. 

Liver.—Examine a section of liver from a case of pernicious 
anemia. The preparation should have been stained to show the 
presence of iron (see Chapter III, p. 199). 


The Heart 


(A) Structure.—The structure of cardiac muscle was con- 
sidered in Chapter VI, p. 209, but further study of special features 
is necessary. Examine a longitudinal section of the heart of a 
mouse and note the fibrous capsule with a covering of endothelium— 
the visceral pericardium—the mass of muscular tissue, the myo- 
cardium and the fibrous lining with its endothelial covering, the 
endocardium. Observe that as the junction of the auricles and 
ventricles the pericardium and endocardium are united and the 
muscular coat is interrupted except at the passage of the atrio- 
ventricular band. It is from the fibrous rings that the valves are 
developed and these may be seen in the section. 

Auriculo-ventricular Bundle.—A transverse section of the bundle 
should be examined for Purkinje’s cells. 

(B) Tue Lrvine Heart iy Action.—If an embryo fish is avail- 
able the pulsations of the heart and the influence of warming and 
cooling may be investigated. 


Blood-vessels 
The large arteries, such as the aorta, have to withstand the 
sudden inrush of blood into the already filled arterial system and 
their walls are largely composed of elastic fibres. 
Examine a transverse section of the aorta stained with orcein 
(p. 198); note the vasa vasorum in the outer coat. 
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The small arteries regulate the supply of blood to the capillaries 
and their middle coat consists almost entirely of circularly arranged 
muscular fibres. The veins have more white fibres and less elastic 
fibres than the arteries. - 

Study transverse sections of the mesentery stained with hemalum 
and eosin for sections of arteries, veins and lymphatic vessels. 

The blood-vessels, like the heart, are lined by endothelium. 
This may be demonstrated by the following method :— 

Small Arteries, Capillaries and Veins. Preparation Stained with 
Silver Nitrate——The blood from the intestinal vessels of a recently 
killed rabbit is removed by washing out the vessels with an isotonic 
solution of sodium sulphate (1 percent.). A solution of silver nitrate 
(1 per cent.) is injected through the vessels and the intestines are 
placed in the dark for about fifteen minutes, the unfixed silver 
salt is washed out with the solution of sodium sulphate and then 
the material is exposed to sunlight or treated with a developer, 
such as amidol. Pieces of the peritoneum covering the intestines 
are stripped off, washed in water, fixed with alcohol and mounted 
in Canada balsam. These preparations will show the epithelial 
and muscular coats of the blood-vessels and also perivascular 
lymphatics. 

Auto-Injection of the Blood-vessels of the Lungs.—A frog is pithed 
and its lungs are exposed with as little loss of blood as possible, 
a glass cannula is inserted through the glottis and the lungs are 
inflated. A ligature is tied round the root of each lung and the 
lungs are removed from the body; after washing away with tap 
water any traces of blood on the surface of the distended lung it 
is dried with filter paper and then carefully compressed between 
two glass slides; the free surface of one slide is heated over a 
Bunsen flame until the proteins of the lung are coagulated ; this 
done, the process is repeated for the other slide. In this way a 
distended preparation of the lung is fixed permanently to the two 
slides. With a sharp scalpel the sides of the lung are severed 
and the two slides separated. After the removal of any free margins 
and the ligature, the two sections are stained with hematoxylin 
and eosin and mounted in Canada balsam. Note the large alveolar 
projections on the inner surface of the lungs, the net of blood- 
vessels filled with corpuscles and also the pigment cells, the functions 
of which are unknown. 


Circulation of the Blood 


The circulation should be studied carefully either in the tail of a 
tadpole, or in the tongue or web of the foot of a decerebrate frog, 
or inanembryo fish. The first method is very simple and effective. 
A tadpole is placed on a glass slide and its head and body are 
covered with a strip of moist filter-paper, which will restrain its 
movements. ‘Two or three drops of pond water are placed on the 
tail and the blood-vessels are examined with the low and the high 
powers of the microscope. Note the differences in the flow of 
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blood in the various vessels ; its rhythmic variations in the arteries 
and its steady flow in the veins ; in some the blood may be flowing 
rapidly, in others it may be in a condition of stasis showing slight 
oscillations with each heart beat. The elasticity of the corpuscles 
is demonstrated at sharp junctions of capillary vessels, the corpuscles 
bending round the corners and then regaining their original shape. 
White corpuscles should be observed and their movements con- 
trasted with those of the red cells. In places where there is stasis 
white corpuscles may be seen to squeeze through the wall of the 
vessel without causing any rupture of the wall or escape of fluid. 
It is necessary to remember that diapedesis takes place so slowly 
that adequate time and patience are required for the observation. 
The tail of the tadpole is absorbed gradually by the phagocytic 
activity of the white corpuscles. 

Motility of the Capillaries.—If the tongue of the frog is used 
a fine needle may be gently drawn across a part of it; the 
dilatation of the capillaries and their subsequent contraction 
may be seen. 


CHAPTER IX 


THE SUPPLY OF OXYGEN AND THE ELIMINATION OF 
CARBON DIOXIDE 


Respiration 


Nose and Pharynx.—The nose serves for the cleansing, warming 
and moistening of the inspired air. The structure can be studied 
in the sections of the head of a foetal rat. 


Trachea.—The trachea and large bronchi serve as pipes for 
the passage of air to and from the lungs; they are held open by 
cartilaginous bands, some of a horse-shoe shape, with involuntary 
muscle completing the ring, and they are lined by a ciliated 
epithelium, the cilia of which lash upwards and so carry inhaled 
dust out of the respiratory passages. There are also numerous 
mucous glands, which provide a fluid for moistening the surface 
and the entanglement of particles of dirt or bacteria. 

A transverse section of the trachea stained with hemalum 
and eosin should be examined and the structure compared with 
that of a bronchus and bronchiole. 

Lung.—The smaller bronchi control the supply of air to the 
air vesicles. 

1. In a section of lung stained with hemalum and eosin observe 
the disappearance of the cartilaginous support, the marked develop- 
ment of the circular fibres of the bronchialis muscle and the folding 
or corrugation of the mucous membrane of the tube due to the 
post-mortem contraction of these fibres. 

Trace a bronchus down to its terminal bronchioles and observe 
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how these expand into the infundibula into which the air vesicles 
open. Over the surface of the lung note the layer of fibrous tissue 
covered with endothelium—the visceral pleura and the processes 
extending inwards to divide the lung tissue into lobules. 

2. In sections of lung stained with orcein note the abundant 
supply of elastic fibres down the walls of bronchi and bronchioles 
and over the walls of the air vesicles. 

3. In a section of lung stained with nitrate of silver study the 
lining of simple squamous epithelium in the air vesicles. 

4, Sections of the lung of a full-time fetus should be used to 
see the closed condition of the air vesicles and the almost cubical 
characters of the epithelial cells lining them. The infundibula and 
bronchi stand out as prominent spaces. If the material be available, 
specimens should be obtained to show the condition of the lungs 
at different periods after birth. 

5. An injected specimen of lung should be used to demonstrate 
the enormous surface of capillaries exposed in the walls of the 
vesicles by means of which the exchange of gases between the air 
and blood is secured. 


CHAPTER X 
THE REMOVAL OF WASTE PRODUCTS. EXCRETION. 


The waste matter of the body is removed by the lungs, kidneys, 
skin and large intestine. 


Kidney.—Scrapings should be made from the freshly-cut surface 
of the cortex of a kidney and should be mounted in isotonic saline 
solution pressing the cover-glass firmly down upon the slide. The 
two elements involved in excretion will be seen :—l. The rounded 
Malpighian bodies each with its central knot of capillaries. 2. The 
convoluted tubule lined by a granular epithelium. 

If the scraping has involved the medullary part of the kidney, 
bits of the loops of Henle and the large collecting tubules with their 
clear cubical epithelium will be present. 

In a section of the kidney stained with hemalum and eosin the 
arrangement of the Malpighian bodies and convoluted tubules in 
the cortex, the collecting tubules in the medulla extending up into 
the cortex as the medullary rays and the looped tubules of Henle 
may be seen. 

Sections of kidney injected from the artery and cut rather thick 
should be studied to see the direct supply of the glomerular tufts 
in the Malpighian bodies from the interlobular arteries and the 
indirect supply of the tubules by the efferent vessels from the 
glomeruli. This double capillary circulation should be compared. 
with that found in the liver, and these peculiarities in the blood 
supply should be considered in relation to the special functions of 


the two glands. 
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The character of the stratified epithelium lining the pelvis of the 
kidney should be observed. 


Ureter.—In a section of the ureter the same type of epithelium 
as that lining the pelvis of the kidney will be seen, and the muscular 
coat of the tube may be studied. 


Bladder.—Hpithelium from the bladder may be procured for study 
by opening the bladder of a dog or sheep and placing it in weak 
alcohol (33 per cent.) for 24 hours to facilitate dissociation of the 
cells, then staining in bulk in dilute hemalum. The lining epithe- 
lium may be removed by gently scraping and mounted in Apathy’s 
medium. ‘These cells occur in the urine in inflammation of the 
bladder and they should be carefully studied. 


Urethra.—The structure of this duct is shown in the section of 
penis (p. 205). 

Skin—Sweat Glands, Sebaceous Glands.—Sections of skin stained, 
one with hemalum and eosin, and another with osmic acid should 
be examined for these glands. 

Meibomian Gland.—A section through the eyelid to display this 
gland should be compared with the previous sections. 

The mammary gland has been considered under the organs for 
the nutrition of the offspring (p. 206). 


CHAPTER XI 


THE REGULATION OF METABOLISM. THE ENDO- 
CRINE SYSTEM 


The development and growth of the body are determined chiefly 
by heredity, but they appear to be influenced by the products of 
certain organs, among the most important of which are the gonads— 
ovary and testis—the thyroid, pituitary, cortex of the suprarenal 
and, possibly, the thymus and pineal body. 

The presence of parathyroid tissue is essential to life, for acute 
toxic symptoms develop if it be removed. An internal secretion 
“insulin ” from the islets of the pancreas (p. 212) controls the meta- 
bolism of carbohydrates. 

How far the chromaffin tissue of the medulla of the suprarenals 
acts as a regulator of metabolism, and how far the posterior lobe 
of the pituitary is of special physiological significance, cannot be 
discussed here. These questions are dealt with in the textbooks. 

Gonads—Ovary and Testis.—The structure of the gonads has 
already been considered (p. 204). The interstitial cells appear to 
play the most important part as regulators of development. 

Thyroid.—Sections of thyroid stained with hemalum and eosin 
should be examined and the closed vesicles filled with colloid 
stained with eosin should be noticed. If possible, sections of the 
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thyroid from an emaciated animal should be compared with some 
from a well fed animal. 


Parathyroid.—The section of thyroid should involve one of the 
parathyroid nodules, and in this the character and arrangement of 
the cells should be studied. 


Pituitary.—Longitudinal sections of the pituitary, including both 
the posterior and the anterior lobes, should be prepared and stained. 
The posterior lobe will be seen to be a mass of neuroglial tissue. 
In the anterior lobe the great mass of cells (pars anterior), the cleft 
separating these from a set of cells lying in close apposition to the 
posterior lobe, and often called the pars intermedia, should be noted. 

Under the high power the existence of two types of cell in the 
anterior lobe can be studied—a type of cell with clear protoplasm 
and a type with protoplasm containing granules staining with eosin. 


Suprarenal Bodies.—Three sections of these should be prepared 
and studied :— 

1. Fixed in formalin, cut by the freezing method, and stained in 
Sudan IIT, to show the abundance of lipoids in the cells of the 
cortex. 

2. Prepared by the freezing method from a suprarenal split and 
fixed in Miiller’s fluid for several. weeks. The chromaffin tissue 
in the medulla is stained deeply with the chrome salt owing to the 
presence of adrenalin and its precursor. 

3. Fixed and cut in the usual way, stained in hemalum and eosin 
and mounted in balsam. It will show the arrangement of the cells 
in the cortex and medulla and the abundance of sinus-like capillaries 
in the latter. . 


Thymus.—Sections of the thymus (i) from a newly-born animal 
and (ii) from an aged animal should be fixed and stained with 
hemalum and eosin and studied. 

A section from the thymus of an emaciated animal, if obtainable, 
is useful for demonstrating the epithelial network in which the 
lymphocyte-like cells lie. 


CHAPTER XII 
THE PROTECTIVE COVERING OF THE BODY 


The sections of skin used for the study of sweat glands may be 
used for the study of the layers of the epidermis. 

Human hairs of different colours and from young and old sub- 
jects should be soaked in xylol to dissolve the fatty covering, mounted 
in balsam and examined. Compare them with hairs from the cat, 
rat and rabbit. 

Sections of the scalp cut in the direction of the lie of the hairs 
may be used to study the growth of hairs in their follicles, their 
connection with sebaceous glands and with the arector pili muscles. 
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Sections of the tip of a foetal finger will afford material for the 
study of the growth of a nail. 


CHAPTER XIIT 


THE BODY IN RELATION TO ITS ENVIRONMENT AND 
THE CO-ORDINATION OF ITS SEVERAL PARTS. 
THE NEURO-MUSCULAR SYSTEMS 


The nervous system is characterised by the high development 
of the primitive properties of irritability and conductivity; in 
the multicellular organism it becomes the chief receptor of external 
stimuli and responds by sending out impulses to the muscles, 
glands and other tissues of the body; these it controls or co- 
ordinates so that the whole organism is adapted to its environment. 
The structure of the nervous system, therefore, should be studied 
on the plan of the ‘‘ way in” and the “ way out ’’—the reflex arc— 
composed of the receptors and the effectors. The limitation of other 
capacities, which is usually associated with differentiation of 
structure and division of labour, is shown in the absence of cell 
division or reproduction in the fully developed nervous system of 
the mammal. This inability to reproduce may be an advantage 
to the organism, for it may be the structural condition which 
determines the continuity of the mentality of the individual; the 
nerve cells persist throughout life, although many of the other 
tissues have been replaced, it may be, many times by reproduction 
and death ; thus the identity of the animal may be retained. 

The nerve cell with all its processes is called the neuron, and it 
is the basis of the structure of the nervous system, which is built 
up of a complex series of relays of neurons related to one another 
through arborescent terminations of their processes—the synapses. 


I. Development of the Neuron. Neuroblasts. 


Examine (1) asection through the neural crest of an embryo chick 
on the second day of incubation, and note that the neuroblasts 
are developed from the epiblastic layer which also gives rise to 
the skin. This development should be considered in relation to 
the congenital defects known as spina bifida and meningocele. 

(2) A transverse section of the body of a young tadpole will 
demonstrate the neuroblasts in the spinal cord ; and (3) a section 
of the head of a foetal rat will show the neuroblasts in the brain. 
The structure of these young cells should be compared with that 
of the fully developed neuron, as seen in the adult spinal cord. 


II. The Anterior Cornual Cells of the Spinal Cord. The Motor or Effector 
Neuron. 


(1) The general arrangement and structure of these cells may 
be studied in a transverse section of the cervical or lumbar swelling 
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of the spinal cord of an adult mammal. The section should be 
stained with aniline blue black or with hemalum and eosin, washed, 
dehydrated, cleared, and mounted in Canada balsam. 

(2) A film made from the substance of the anterior horn is heated 
over a flame until it becomes baked to a brownish black. The 
preparation is examined for neurones and preserved by mounting 
in Canada balsam. 


III. Nissl’s Granules or Spindles. 


In the living neuron these structures cannot be seen, but if the 
cell be killed by fixation and stained with methylene blue or acid 
fuchsin they appear in the body of the neuron and in the base of 
the dendrites, but not in that of the axon. The physiological 
significance of these artefacts is found in the fact that if the cell 
has been fatigued or has degenerated owing to disuse or disease 
the spindles are replaced by small particles, a process known as 
chromatolysis. 

One of the following methods may be employed to show Nissl’s 
spindles. 

(1) A spinal cord, obtained from an ox directly after it was 
slaughtered, is cut into segments, so that the arrangement of the 
grey and white matter can be seen with the naked eye. The 
substance of the anterior horn is removed on the point of a scalpel 
and spread upon a slide, so as to form a film. By heat or formalin 
the film is fixed and then covered with a solution of methylene 
blue; it is now warmed over a flame until vapour arises. The 
excess of stain is drained away and the specimen is examined under 
the lower power of the microscope in order to see whether it contains 
good specimens of the anterior cornual cells, which are some of 
the largest cells found in the body. If the specimen is satisfactory 
it is differentiated with alcohol, so that the stain is removed from 
structures other than the spindles, washed with aniline water 
containing Castile soap, so as to render the stain more permanent, 
dehydrated, cleared and mounted in Canada balsam. 

(2) Sections of the ganglion on the posterior root of a spinal 
nerve which has been fixed in alcohol are stained for about half 
an hour or more in a saturated solution of toluidin blue, which must 
be kept warm. They are then partially decolorised with alcohol, 
the process being watched under the low power: when the cells 
alone remain blue the specimen is cleared and mounted in Canada 


balsam. 


IV. Dendritic Processes of the Neuron. 


To demonstrate the dendritic processes of the neuron two methods 
are used depending upon the impregnation of these structures with 
metallic salts so that they are rendered opaque and thus visible. 

(A) Golgi’s Method. Cox’s ModificationSmall pieces of the 
central nervous system of a recently killed animal are placed in a 
fixative of the following composition :—Potassium bichromate 5 per 
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cent. solution 20 parts, potassium chromate 5 per cent. solution 
16 parts, mercury perchloride 5 per cent. solution 20 parts, and 
distilled water 30 to 40 parts. In this solution the material should 
remain for two or three months. It is then carried through alcohol 
and embedded in celloidin. Thick sections are then cut and are 
placed in a saturated solution of lithium carbonate for fifteen 
minutes, washed in water, dehydrated, cleared in xylol and mounted 
in Canada balsam without a cover-glass. 

(B) Cajal’s Method.—By this method the dendrites are rendered 
opaque by the deposition of silver. 

(1) Small pieces of tissue, not more than 3 mm. cube, are placed 
in alcohol with 1 per cent. of ammonia and kept for 24 hours at 
a temperature of from 30° to 35°C. 

(2) After washing in distilled water they are removed to a | to 
2 per cent. solution of silver nitrate and again kept at the same 
temperature for five to eight days. 

(3) After thoroughly washing in distilled water the tissue is 
transferred to a reducing solution of pyrogallic acid for twenty-four 
hours. A yellowish brown colour on the cut surface shows that 
the process has been properly carried out. 

(4) After washing in distilled water the tissue is dehydrated and 
cut in paraffin or celloidin. The process must be carried out in 
the dark until the reduction in the pyrogallic acid solution is com- 
pleted. 


V. The Axon Process of the Neuron (Nerve Fibres). 


(A) Medullated Nerve Fibres—Three preparations to show the 
structure of nerve fibres should be made as follows :— 

(1) A small piece of the fresh sciatic nerve of a frog is placed 
upon a slide and teased semi-dry with needles: it can be kept 
sufficiently moist by breathing on it. When the fibres have been 
separated they may be examined fresh in 0-75 sodium chloride 
solution or fixed and stained with osmic acid and mounted. 

(2) A teased preparation of nerve is covered with silver nitrate 
solution (0-5 per cent. in water), placed in the dark for fifteen 
minutes, thoroughly washed with distilled water to remove any 
free silver salt, exposed to sunlight or developed by a photographic 
developer, such as amidol, dehydrated, cleared and mounted in 
Canada balsam. This specimen will show the nodes of Ranvier 
and the space around the axon: the reaction depends upon the 
distribution of chlorides in the nerve. The penetration of the 
solution of silver nitrite illustrates probably the way in which 
lymph supplies the needs of a nerve fibre for food and the removal 
of waste products. 

(3) A teased preparation of nerve is treated with chloroform in 
order that the lipoids of the white sheath may be removed. The 
specimen is kept under observation, and when it no longer becomes 
milky on the addition of fresh chloroform it is stained with hema- 
lum and eosin and mounted in Canada balsam. 
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This specimen should be compared with nerve fibres in the central 
nervous system or in the optic nerve where the fibres are devoid 
of a neurolemma. 

(B) Non-Medullated Nerve Fibres—(1) The methods just de- 
scribed should be applied to teased nerve from the sympathetic 
system. 

(2) A transverse section of the vago-sympathetic of a dog stained 
in osmic acid and mounted in Canada balsam may be studied to 


a the difference between medullated and non-medullated nerve 
bres. 


VI. Degeneration of Nerve. 


Marchi’s method—This method is used only in the early stages 
of degeneration. It depends on the fact that the myelin sheath 
during disintegration liberates oleic acid, which is stained black 
when it is treated with a mixture of a chromic salt and osmic acid. 
A peripheral nerve cut some ten days or a fortnight previously 
may be used. The tissue is kept in Miiller’s fluid (bichromate of 
potassium 2 parts, sulphate of sodium 1 part, and water 100 parts) 
for eight days, and, if the mass of the tissue is great the fluid is 
changed frequently. The tissue is then placed in Marchi’s fluid 
(2 parts of Miller’s fluid and 1 part of 1 per cent. osmic acid solution) 
for four days. After passing through increasing strengths of alcohol 
the tissue is cut into sections by the celloidin or paraffin method. 

Weigert’s method.—In degenerations of long standing the myelin 
sheath of the nerve fibres disappears. It is necessary therefore 
to use a method such as Weigert’s, which stains the myelin sheath 
of normal nervous tissue and thus differentiates it from the degener- 
ated parts. The spinal cord from a case of tabes dorsalis or from 
a case of interruption of the pyramidal tracts, or the cord of a 
child at birth may be used. Wolters-Kultschitzky’s modification of 
Weigert’s method is carried out in the following way. The tissue 
is fixed in Miiller’s fluid for one month or longer, hardened in alcohol 
and embedded in celloidin. Sections are stained for twenty-four 
hours at a temperature of 40° C. with Kultschitzky’s hematoxylin 
(1 gm. of hematoxylin is dissolved in 10 c.c. of absolute alcohol, 
and the solution is made up to 100 c.c. with 2 per cent. acetic acid). 
They are then immersed in Miiller’s fluid until they become black ; 
at this point they should be transferred to a solution of potassium 
permanganate (0-25 per cent.) for thirty seconds until they become 
brown. Differentiation is effected in a solution of sulphurous acid 
(50 per cent.) and is checked by examination under the lower power 
of the microscope. The sections are washed in water, dehydrated, 
cleared and mounted in Canada balsam. 

This method is also used in studying the development and course 
of bands of nerve fibres in the central nervous system, since the 
fibres of some of these get their medullary sheath earlier than do 
others. 
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THE INGOING PATH 
I. The Receptors of the Nervous System 


1. Sight. The Eye.—The chief points of physiological interest 
in the eye can be studied :— 

(1) In a section through the head of a foetal rat or mouse, which 
has been stained in bulk in picrocarmine. These animals are born 
blind and the sections through the eyelids will show that they are 
fused together by epithelial cells. The lens will exhibit its cellular 
structure, especially at the peripheral parts. In the vitreous 
humour there may be remnants of the central blood-vessel. The 
structure of the retina in its various parts should be studied carefully 
and its relationship to the vascular and pigmented choroid coat 
should be observed. 

(2) In a section of the posterior portion of an adult eye passing 
through the entrance of the optic nerve, the position of the blood- 
vessels of the retina, which explains the formation of Purkinje’s 
images, and the optic disc, or “ blind spot,” should be noted, and 
the vascular and pigmented choroid coat should be studied. The 
optic nerve has no neurolemma and the ganglion cells of the retina 
no capsule; this is explained by their development in the optic 
vesicle of the brain. 

(3) Section through the anterior segment of the eye, including 
the corneo-sclerotic junction with the iris, and ciliary processes 
stained in the usual way show (a) the muscular fibres of the 
sphincter pupille and may show the fibres of the dilatator pupille ; 
(6) the radiating fibres of the ciliary muscle ; (c) the close attach- 
ment of the ciliary processes to the hyaloid membrane whereby 
contraction of the ciliary muscle relaxes the capsule of the lens 
during positive accommodation. 


2. Smell.—The transverse sections of the head of a fcetal rat 
may show the olfactory part of the mucous membrane of the nose 
with the olfactory bulbs lying above it. 


3. Taste—Taste buds in Tongue. Examine sections of the 
papilla foliata of the rabbit’s tongue stained with picrocarmine or 
hemalum and eosin. 


4, Touch.—Examine sections of the skin of the tip of the finger 
stained with hemalum and eosin for tactile corpuscles lying in the 
papilz of the true skin. 


5. Hearing.—Hxamine sections of the cochlea which have been 
prepared after decalcifying (p. 208) the petrous part of the tem- 
poral bone and identify the three scale, the basilar membrane and 
the organ of Corti, and consider the action of each in the physiology 
of hearing. 


6. Proprioceptive Receptors.—(1) Muscle-joint. The muscle 
spindles may be looked for in the preparation of the small plantar 
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muscles prepared for end plates (p.229). (2) Semi-circular Canals. 
These may be seen in the specimen showing the cochlea. If the 
section has passed through an ampulla, observe the relation of 
the membranous to the osseous ampulla and note the crista project- 
ing into the former. 


II. The Ingoing Tracts to the Central Nervous System 
1. In sections at the ganglion on the posterior, or ingoing, root 
of a spinal nerve used for staining Nissl’s granules (p. 225), study the 
character of the cells and note the existence of a definite capsule 
around each. 


III. The Conducting Tracts in the Spinal Cord 
These should be studied in material from the Pathological 
Department. The spinal cord of a full-time child stained by 
Weigert’s method (p. 227) may also be used. 


IV. The Neurons of the Cerebrum 
These may be studied in a transverse section of the brain of a 
mouse passing through the cortex of the neopallium, rhinencephalon 


and the basal ganglia. 
They may also be studied in sections through the pre-central 
convolution of the human brain stained by Golgi’s method. 


V. The Neurons of the Cerebellum 


Sections of the cerebellum stained in hemalum and eosin will 
show the general arrangement of neurons in the cortex and in some 


of the roof nuclei. 
Specimens stained by Cajal’s method (p. 226) show the relation- 


ship of the ingoing and outgoing neuron-processes. 


THE OUTGOING PATH 
The Effectors of the Nervous System 


The conception of the reflex arc involves an effector organ, which 
responds to the impulse received through the outgoing path of the 
nervous system. 


Nerve Endings in Skeletal Muscles. 


The termination of the axon branch of the neuron may be shown 
by the following methods :— le 

(1) The sartorious muscle of a small frog is dissected out and 
extended carefully on a slide: it is covered with glacial acetic 
acid and then compressed with a thin slide. Examination with 
the low and the high powers of the microscope will show the dis- 
tribution of the nerve and in some places the motor endings. 


230 PRACTICAL PHYSIOLOGY 


(2) Methylene blue stains the nervous system in the following 
order :—Fine terminations, nerve fibres and nerve cells. Spread out 
the fresh tissue, e.g. the longitudinal muscular coat of the small 
intestine, in as thin a layer as possible and wash in normal saline 
solution at 37°. Placeitin an open dish in an incubator at 37°and 
cover it with the solution of methylene blue (1 part of Griibler’s Bx 
methylene blue in 10,000 parts of normal saline solution), examining 
from time to time till the nerve fibres are stained. The specimens 
may be fixed by placing them in a saturated solution of ammonium 
picrate for an hour, preferably in the dark. They may be mounted 
in glycerine to which a drop of the solution of ammonium picrate 
has been added. 

(3) The nerve endings may be stained by gold chloride in the 
following way :—Small pieces of tissue are removed from the 
animal directly after death and are placed in 25 per cent. solution 
of pure formic acid, which should be just sufficient in quantity to 
cover the tissues. After about ten or fifteen minutes the tissue is 
removed from the acid by forceps covered with a thin layer of 
paraffin, placed on a clean duster and gently pressed to remove as 
much acid as possible. The tissue is placed in a solution of gold 
chloride (1 per cent.) covered with a plate of blue or yellow glass 
for ten to twenty minutes. The next step is to dry the tissue in 
a clean duster and then place it in 25 per cent. formic acid, where 
it should remain for twenty-four hours in a dark cupboard. The 
tissue is dried in a clean duster and placed in pure glycerine in a 
closed vessel and exposed to daylight. Preparations are made by 
teasing or otherwise and are mounted in glycerine. 

The small plantar muscles of a rat or young rabbit may be used 
for muscle end-plates. 
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INTRODUCTION 


Chemical physiology is mainly concerned with the materials of 
which the tissues are composed and the results of the metabolic 
changes which these materials and also ingested foodstuffs undergo. 
As Haldane pointed out in his interesting book, Mechanism, Life and 
Personality, ‘“‘ Biology deals at every point with phenomena which, 
when we examine them, can be resolved into metabolic phenomena— 
exchange of material and energy, as exemplified in growth, develop- 
ment, maintenance, secretion and absorption, respiration, gross 
movements in response to stimuli and other excitatory processes.’’ 
But to quote Haldane again : ‘‘ We must not mistake measurements 
of the balance of matter or energy entering and leaving the body, for 
information as to the manner in which this stream passes through 
the living tissues.” 

Still a great deal of information is now available as regards the 
ultimate fate and in part of the interntediate fate of specific sub- 
stances ingested. Before however a proper appreciation of the 
intricacies of the numerous metabolic phenomena, both of the 
anabolic or synthetic type or of the catabolic or disintegrative 
type can be obtained, it is necessary that the chemical properties 
of the materials which compose the living tissue and the nature of 
the various tissues themselves be studied. 

It is true but regrettable that many of the tests and reactions of 
chemical physiology do not give the sharp end points and definite 
results to which the student has become accustomed in ordinary 
chemistry. ‘This is largely due to the fact that the majority of the 
materials which are dealt with belong to that highly complex series 
of substances known as the colloids. Further, the student has to 
grasp the fact that the mere elementary composition, i.e. the content 
of the substance in Carbon, Hydrogen, Oxygen, Nitrogen, etc., 
gives little or no information of value when applied to the colloidal 
materials as found in the tissues where they rarely exist in a pure 
state. Although the word protoplasm is often used as being almost 
synonymous with protein, this is not the case. ‘True, it is perhaps 
probable that in the majority of instances protein is the predominant 
substance in the protoplasmic mass of the cell, yet intimately 
incorporated with the protein are found carbohydrates and fatty 
substances. 

In the following pages the subject is dealt with, so far as is possible, 
from the physiological aspect. Further information as regards the 
chemical aspects of the various substances can be found in Prac- 
tical Organic and Biochemistry, by R. H. A. Plimmer. 
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CHAPTER I 
PRELIMINARY EXAMINATION 


Much time may be saved in the determination of unknown 
substances if a preliminary examination be carried out. 


Physical Characters 


A. If a fluid, note (1) the colour, (2) transparency, (3) odour, 
(4) viscosity, (5) specific gravity, and (6) reaction. If a deposit be 
present or if the fluid be opaque, an examination with the micro- 
scope should be carried out. 

B. If a solid, note (1) the colour, (2) form—amorphous, crystal- 
line, fibrous, etc., (3) consistence—tough, elastic, hard, soft, etc., 
(4) odour, (5) solubility in various media: (a) cold, (6) hot—(1) 
water, (2) 5 per cent. sodium chloride solution, (3) dilute sodium 
hydrate, (4) dilute mineral acid (HCl), (5) alcohol, (6) ether (take 
care no free flame is near). 


Chemical Characters 


Burn a portion of the substance, or residue after evaporation of a 
fluid, on a piece of platinum foil. Note (1) changes in substance, 
(2) odour, (3) ash, if any. 

Test for the presence of nitrogen, sulphur and phosphorus. 

Into a small hard glass test tube, or a small length of hard glass 
tubing fused at one end, place a very small portion of the finely- 
powdered substance to be tested, then add fragments of clean 
metallic sodium amounting in all to the size of a pea, and another 
small portion of the substance. Heat at first gently, then strongly 
until the glass is bright red in colour. Cool and when nearly cold 
break into a dry evaporating basin under a piece of wet filter paper. 
After a few minutes add about 15-20 c.c. water, heat to boiling, 
then filter. Test filtrate. 


Nitrogen.—To 5 c.c. add a few drops of 0:5 per cent. ferrous 
sulphate and one or two drops 0-5 per cent. ferric chloride. Boil, 
then cool and acidify with concentrated HCl. If nitrogen be 
present a blue solution containing particles of Prussian blue is 
obtained. 

Nitrogen may also be detected by the soda lime test, which is 
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perhaps more easily carried out, but is not quite so reliable as the 
metallic sodium reaction (Lassaigne’s test). 

Mix a small quantity of the substance with many times (at least 20) 
its weight of soda lime in a dry test tube and heat strongly. Test 
the vapours formed for ammonia by (a) red litmus paper, (b) a 
glass rod moistened with hydrochloric acid, (c) smell. 


Sulphur.—To another portion of the filtrate add a few drops of a 
freshly prepared solution of sodium nitro-prusside. If sulphur be 
present solution assumes a reddish violet colour. 

The presence of sulphur can also be shown by adding a few drops 
of concentrated sulphuric acid to a portion of the filtrate, place a 
piece of filter paper moistened with lead acetate solution across the 
mouth of the test tube and heat. If sulphur be present black lead 
sulphide is formed. The presence of sulphur in a solid or solution 
may frequently be detected by boiling with NOH, cooling, carefully 
adding a strong acid, and testing with lead acetate as above. 

Phosphorus.—To another portion of the filtrate add nitric acid, 
until markedly acid, then a few drops of ammonium molybdate 
solution. If phosphorus be present a yellow precipitate of am- 
monium phospho-molybdate will form on standing. 

The presence of halogens may also be detected in the filtrate by 
the ordinary methods. 

Tests for carbon and hydrogen can also be carried out by heating 
the substance mixed with at least ten times its own weight of 
dry cupric oxide in a hard glass test tube fitted with a rubber 
cork carrying a length of glass tubing. Tubing is led to a bottle 
containing baryta water. Heat the test tube containing the 
mixture, small drops of water will condense in the upper colder part 
of the test tube and glass tubing and a precipitate of barium 
carbonate will form in the baryta water. 

A general test for carbohydrates should also be carried out. 
Molisch’s furfurol test with a-naphthol is too delicate for general 
use. Ordinary hydrolysis with a strong mineral acid and a reduction 
test is preferable. Hydrolyse a small portion of the substance 
suspended in water by boiling, after the addition of 1-2 c.c. of 
sulphuric or hydrochloric acid, for five minutes. Cool under the 
tap. Neutralise with sodium hydrate solution. Add a drop or 
two of copper sulphate solution, then more strong sodium hydrate 
solution cautiously and with frequent shaking until a clear blue 
solution results. Boil. If carbohydrate be present reduction will 
take place. 

The only reliable general test for the presence of fat is extraction 
with ether by grinding up a portion of the material in a porcelain 
basin with small amounts of ether, filtering the ethereal extracts 
and then evaporating. This must be done without the use of a 
free flame; an electric hot plate serves admirably. 


Choice of Methods 


As regards quantitative methods it may be stated, speaking 
generally, that a gravimetric method is to be preferred to a volu- 


236 PRACTICAL PHYSIOLOGY 


metric one and a volumetric to a colorimetric one. The chances 
of error in the comparing of colours are increased by alterations in 
the quality of the illumination, eye strain, depth and quality of the 
colour. The advantages are that these colorimetric methods serve 
for the detection, very frequently, of minute amounts of the reactive 
substance, and also of substances in which gravimetric methods are 
well-nigh useless owing to the small yield. 

The same objection, although to a lesser degree, applies to 
volumetric methods. Here, as a rule, a single colour indicator is 
adhered to, but it is seldom that one compares the tint obtained 
with a standard colour. Further variations in the amount of 
indicator added are apt to occur, with, as a result, variations in the 
final colour value. Indicators also vary considerably as to their 
end points (see p. 389). Volumetric methods are however invalu- 
able and extraordinarily close duplicate analyses can be carried out, 
provided ordinary care and accuracy is employed in the reading of 
pipettes, burettes, etc. 

One of the great assets in gravimetric work is that the final 
weighing can be carried out with great accuracy and can be checked 
if necessary. The difficulty here is loss of material due either to 
solubility or careless handling during filtration. 

As regards the statement of results the number of digits given 
should just be sufficient to do justice to the experiment. Although 
it would be a matter of little or no importance in an average meta- 
bolic experiment whether the total nitrogen output was stated, let 
us say, as 15-78 or 15-80, still in the earlier stages of the calculation 
when 2 to 5 c.c. of urine are analysed the results to the third or even 
to the fourth place are of value so that accumulated rejection errors 
may be avoided. 

In rejecting figures the rule is to increase by one the last figure 
retained when the rejected figure is 5 or greater ; otherwise leave 
it unchanged. Thus 5-437 would become 5-44, but 5-434 would 
remain as 5-43. 


CHAPTER IT 
THE PROTEINS 


The proteins are a group of substances of first-rate importance 
to the organism as they are essential constituents in every cell and 
as foodstuffs they are the main source of nitrogen for the building 
of new tissue. Most of the members of the group are amorphous 
substances of high molecular weight. The molecule is made up of 
the elements carbon, hydrogen, nitrogen, oxygen and sulphur. 
The percentage amount of these various elements differs in different 
proteins. 
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; Per cent. present. 

: Variation. Average. 
CarbOngun-een eee es ok, 50-6—54:-5 52 
Eivarocerier senor ot | 6-5— 7:3 7 
ee ee cule ae re 21-5—23-5 24 
INGO PET MSR se, el a 150—17-6 16 
Shiloh Ne ee ee 0-3— 2-2 i 


_Proteins have been divided into a number of classes in a pro- 
visional manner as our present knowledge of their chemical structure 
does not permit of a strictly chemical classification. The arrange- 
ment which has met with most general acceptance is as follows : 


(1) Protamines. 
(2) Histones. 
na ane ahee } Coagulable, or native proteins. 
(5) Glutelins Pl tel 
(6) Gliadins (Prolamines) } Se 
(7) Sclero-proteins (Albuminoids). 
(8) Phospho-proteins. 
(9) Conjugated proteins. 
(a) Gluco-proteins (Glyco-proteins). 
(6) Nucleo-proteins. 
(c) Chromo-proteins. 


(10) Derivatives of proteins (Hydrolysed proteins). 

These proteins have one thing in common, namely, that when 

completely hydrolysed by mineral acids, alkalis or ferments, they 
yield a variety of amino acids. During this process of hydrolysis 
the large molecule of the protein is broken down and water is taken 
up. 
The resulting amino acids, which vary, both in number and 
amount, in the different proteins, are simple combinations in which 
a hydrogen atom of a radicle of a fatty acid is replaced by an amino 
group (NH,); thus, for example, if such a replacement is made in. 
propionic acid, CH,CH,COOH, we get alanine or amino propionic 
acid, CH,CH(NH,)COOH. The great majority of the amino acids 
found in the tissues have a hydrogen atom attached to the radicle 
nearest the carboxyl group replaced by the NH, and they are 
therefore a-amino acids. | 


B a 
CH, . CH, COOH, 


Further some of the amino acids in place of having a single NH, 

group attached have two. The amino acids present may be 
divided into three classes. 
I. Monoamino acids : 

(a) with one carboxyl group : glycine, alanine, leucine, etc. 
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(b) with two carboxyl groups: aspartic and glutamic 
acids. 
(c) of the aromatic series: tyrosine, phenylalanine. 
II. Diamino acids: Lysine, arginine, (cystine), etc. 
III. Heterocyclic amino acids: histidine, tryptophan, etc. 
Or, alternatively, they may simply be classified as neutral, acid 
or basic ampholytes, i.e. substances which can either function as 
acids or bases. In this classification to the neutral group belong the 
monoamino monocarboxylic acids including tyrosine, phenylalanine, 
together with tryptophan and cystine, to the acid group the 
monoamino di-carboxylic acids and to the basic the diamino acids 
and histidine. 
The following table gives some idea of the percentage distribu- 
tion of the various amino acids in different proteins : 


Aibeinin, | Albumin. | Globulin, | (Cow). | elatine. 

Glycine 0 0 3°5 0 16:5 
Alanine 2-1 2-7 2-2 0-9 0:8 
Leucine : 6:1 20-0 18-7 10-5 2-1 
Aspartic acid . 1-5 3-1 2-5 1-2 0-6 
Glutamic acid 8-0 V7 8-5 11-0 0-9 
Cystine 0-2 2:5 0:7 0-1 — 
Histidine . —_ —_ — 2-6 a= 
Lysine — — — 5:8 2:8 
Arginine . — — —_ 4:8 7-6 
Phenylalanine 4-4 3-1 3-8 3-2 0-4 
Tyrosine . 1-1 2-1 2:5 4:5 0 

Tryptophan . 7 + + 1:5 0 


The Physical and Chemical Properties of Proteins 


I. Solubility.— Most proteins ! are insoluble in alcohol and ether. 
They vary as to their solubility in water; of the more common 
proteins, albumins are soluble in water and globulins in weak 
saline solutions. Some, however, are not soluble, even in concen- 
trated saline solutions. 

EXPERIMENT. From the undiluted egg-white provided prepare 
a solution of egg albumin by adding 10 volumes of distilled water 
and mixing thoroughly in a flask. An opalescent solution is thus 
obtained, the opalescence being partly due to the colloidal nature 
of the solution, although in part to some-other protein (ovo-mucin), 
which has not gone into solution. This can be removed by filtering 
through fine muslin. Note that this solution gives a persistent 
froth on shaking. 


The solution prepared above can be used in the subsequent 
experiments, unless otherwise stated. 


II. Diffusibility—As the proteins give only colloidal solutions, 


1 Some vegetable proteins are soluble in alcohol. 
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these solutions will not dialyse, that is, diffuse through animal 
membranes or parchment paper. In this they are unlike crystalloids, 
such as inorganic salts, which readily diffuse through such 
membranes. Of the various forms of dialyser, a tube of parch- 
ment is the simplest. 

EXPERIMENT. Place a mixture of diluted blood and of a 10 per 
cent. sodium chloride solution in the dialyser provided. Test a 
sample of distilled water with silver nitrate, and note that no haze 
of silver chloride occurs. Place the dialyser in a beaker of this 
water and allow dialysis to proceed for a day. On now testing the 
water in the beaker for chlorides with silver nitrate, it will be found 
that a white precipitate of silver chloride occurs, showing that the 
chlorides have diffused through the parchment. It can be shown, 
however, that no protein has dialysed through, by the absence of 
pigment and by applying the tests for protein given below. 


III. Heat Coagulation.—Most of the so-called native proteins 
(albumins and globulins) coagulate when their solutions are heated. 
Different proteins coagulate at different temperatures, varying 
usually from 56°C.-78°C. <A faint degree of acidity and the 
presence of a neutral salt greatly favours heat coagulation. 

EXPERIMENT. Fill a narrow glass tube with some egg-white solution, 
faintly acidulated with acetic acid, and seal off one end. Now fix this to the 
lower end of the thermometer by means of small elastic bands. Gradually 
heat in a test tube placed in a water bath and observe the temperature at 
which the albumin becomes opaque and set. 

IV. Rotation of Light—All proteins are levo-rotatory. Some 
combined proteins, such as hemoglobin and nucleo-protein, are 
dextro-rotatory, but their protein portion is levo-rotatory. 


V. Electrical Properties—Although crystalloid free protein 
solutions are practically non-conductors, itis found that when placed 
in an electric field proteins differ in their reaction. Some migrate 
towards the positive pole, some towards the negative and some 
show no definite direction ; there are therefore protein cations and 
anions. The third class are uncharged or isoelectric. Proteins of 
opposite charges mutually precipitate one another. 


VI. Colour Reactions.—This group of reactions is very important, 
as each reaction yields information as to the constitution of the 
protein molecule. The meaning of each test should therefore be 
carefully noted. 


(a) The Biuret Reaction (Piotrowski’s test). 

EXPERIMENT. To a single drop of very dilute copper sulphate in 
a test tube add 20 per cent. caustic soda until a pale blue colour is 
obtained (about 15 ¢.c.). Divide this into three portions, A, B, C. 
Keep A as control colour. To B add a few drops of diluted egg- 
white. To C add the same number of drops of the commercial 
peptone provided. Note the violet colour with albumin, the pink 
colour with the peptone solution. 

It is important to keep control tube A, since in using very weak 
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solutions a slight change in colour can be detected by comparison 
with the control. 

All proteins give either a violet or pink colour with this test. It 
shows that the protein contains two or more CO — NH — groups 
linked together. The same reaction is given by the substance 
biuret which is formed when urea is heated, hence the name. 


(b) Xanthoproteic Reaction. 

EXPERIMENT. To about 5 c.c. of the solution of egg-white add 
a few drops of strong nitric acid; a white precipitate results. 
Warm this and the precipitate changes to a yellow curd. [Jf little 
protein is present no visible coagulation takes place.] Cool under 
the tap. Run a small quantity of strong ammonia on to the sur- 
face of the solution ; a brilliant orange ring is formed at the junction 
of the two fluids. This test shows the presence of the benzene ring 
in the protein molecule, the yellow colour being due to the forma- 
tion of a nitro benzene ; hence only proteins containing such a ring 
give this test. 


(c) Millon’s Reaction. 

ExprERIMENT. Add a few drops of Millon’s reagent (a solu- 
tion of mercurous and mercuric nitrates) to some of the egg-white 
solution. A white coagulum forms, which on warming changes to 
a brick-red curd. With some substances no precipitation takes 
place but the solution becomes red on heating. 

This reaction shows the presence of a benzene ring with an 
hydroxyl group attached to it, 7.e., of the phenolic group such as 
occurs in tyrosine. 


(d) The Glyoxylic Acid Test (Hopkins’ modification of Adamkie- 
wiecz’s Reaction). jf 

EXPERIMENT. To some egg-white solution in a test tube add 
about 1 c.c. of glyoxylic acid solution, and run in carefully without 
mixing ordinary strong sulphuric acid. A violet ring is obtained at 
the junction of the fluids, which extends into the supernatant egg- 
white solution when the tube is gently agitated. 

This test depends upon the presence of tryptophan (indol amino- 
propionic acid) in the protein molecule, and is only given by proteins 
containing such a grouping. 


(e) The a-Naphthol Test (Molisch’s test) (V, p. 254). 


Proteins containing a carbohydrate moiety yield this test. The purple 
colour should be very pronounced before the test is deemed positive. The 
an obtained plays no part in the reaction. The test is not very 
reliable, 


VII. Precipitation by Neutral Salts (“ Salting out ’’). 

(A) Ammonium Sulphate. 

EXPERIMENT. To some egg-white solution add an equal amount 
of saturated solution of ammonium sulphate = half saturation. A 
white precipitate of globulin is produced. Filter ; keep the filtrate. 
After washing the residue with saturated ammonium sulphate 
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dissolve it in a little water and boil. Note that the protein is 
coagulated in fine flakes. Divide the filtrate : 

(a) Add crystals of (NH,),SO, in excess (full saturation). The 
albumin is now salted out. 

(6) Boil; flakes of coagulated protein show the presence of 
coagulable protein (albumin). Half saturation with (NH,),SO, 
therefore precipitates globulins; full saturation precipitates 
albumins. 

Repeat this salting out test, using blood serum in place of the 
egg-white solution. 


(B) Magnesium Sulphate. 

Experiment. Fully saturate (i.e. add crystals) the solution of egg-white 
with MgSO,. A precipitate of globulin results. Filter. Prove by heat 
coagulation and by fully saturating with (NH,),SO, that protein (albumin) 
is left in the filtrate. Magnesium sulphate in full saturation precipitates 
globulins, but not albumins. 

(C) Sodiwm Chloride, Ammonium Chloride. These salts resemble mag- 
nesium sulphate in their “‘salting out ’’ properties. 

(D) Sodium Sulphate possesses at 30°C. the same protein precipitating 
powers as ammonium sulphate. It is of great advantage when it is desired 
to estimate the amount of protein in any fluid. By precipitating with sodium 
sulphate and determining the total nitrogen in the precipitate by Kjeldahl’s 
method (see Urine) the amount of protein is found by multiplying by 6-25. 


VIII. Coagulants of Proteins.—A coagulum differs from a precipitate 
in that it is no longer soluble in its original solvent ; in other words, 
its physical or chemical nature has undergone some change. Such 
is the case in the coagulation of protein by heat. Other coagulants 
of protein are :—Mechanical agitation, mineral acids and salts, 
and other acids such as tannic, picric, etc. 

EXPERIMENT I. Violently shake some egg-white solution with 
sand. Strings of coagulated protein are deposited. 

ExPERMMENT II. ‘To some egg-white solution add gently some 
strong HNO,. A white precipitate appears, which is insoluble on 
heating (cf. Proteoses). 

EXPERIMENT III. Acidulate some egg-white solution strongly 
with acetic acid, then add strong potassium ferrocyanide—a whitish 
yellow precipitate. 

Expertmment IV. Add picric acid—a white precipitate. Many 
other acids, such as phosphomolybdic, phosphotungstic, trichlor- 
acetic and salicyl sulphonic are used to precipitate proteins. 

Alcohol precipitates all proteins. At first it forms a precipitate ; 
but if the action be prolonged this changes to a coagulum. Peptone 
and fibrin ferment (thrombin) take longer to undergo this change ; 
advantage is taken of this to separate these bodies from other 


proteins. 
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CuHAapPrer III 
PROTEINS—Continued 


As regards the various groups of proteins they have all more or 
less special properties. 


Protamines.—These are usually found in the roe or milt of fish 
as salts of nucleic acid. They are strongly basic substances which 
readily turn litmus blue and take up carbon dioxide from the air. 
They are soluble in water and are not coagulated on heating. As 
a rule the only colour reaction given is the biuret. On decom- 
position they yield large amounts of the diamino acids, especially 
arginine. 

Histones have been obtained from various sources, but globin 
of blood is the most important of the group. They are strongly basic 
substances and resemble in their properties in part native protein, 
in part protamine and in part proteose. Their behaviour to heat 
depends on the presence or absence of salts ; no coagulation takes 
place when salts are absent. Biuret, xanthoproteic and Millon’s 
reactions are given, and a large yield of diamino acids, especi- 
ally histidine, on decomposition. 

The group of native proteins has been already studied in the 
preceding experiments with the egg-white solution. The main 
difference between the albumins and the globulins is that of 
solubility. It has also been shown chemically that the products of 
hydrolysis differ, the albumins yielding no glycine. Upon hydrolysis 
all yield members of the chief amino acid groups. 

Albumins are soluble in distilled water and in saturated solutions 
of all neutral salts except ammonium sulphate and anhydrous 
sodium sulphate, in which they are insoluble. They are, however, 
soluble in half-saturated solutions of these salts. 

Globulins are insoluble in distilled water and in saturated solutions 
of all neutral salts. They are, moreover, insoluble in half-saturated 
solutions of ammonium sulphate and anhydrous sodium sulphate. 
They are soluble in weak saline solutions. 

The chief kinds of albumins are egg albumin, serum albumin (see 
Blood), and lactalbumin (see Milk). 

The most important globulins are egg globulin, serum globulin, 
fibrinogen (for both see Blood), and myosinogen (see Muscle). 

Plant Proteins.—This comprises the two groups (a) Glutelins and 
(b) Gliadins (Prolamines), and they form the bulk of the protein 
present in such cereals as wheat, barley, maize, etc. The so-called 
gluten of wheat is composed of approximately equal amounts of 
the two groups. The glutelins are insoluble in water and in dilute 
neutral salt solution, but are soluble in dilute acids and alkalis. 
They are coagulable on heating. The gliadins are insoluble in 
water and in absolute alcohol but dissolve in about 70 per cent. 
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alcohol. They are insoluble in dilute neutral salt solutions. They 
have been called prolamines because they have been shown to be 
rich in the amino acid proline (pyrrolidine carboxylic acid) and 
amide groups. They are also rich in glutamic acid. 


Phosphoproteins.—The chief members of this group are the 
caseinogens of milk and the vitellins from egg-yolk. They derive 
their name from the large amount of phosphorus contained in 
their molecule. They differ, however, from nucleoproteins in con- 
taining no purin bases. 

Dissolve some commercial caseinogen in 2 per cent. caustic soda, 
and perform the following experiments :— 

I. Note that it is precipitated with 1 per cent. acetic acid, the 
precipitate being soluble in excess of acid. 

Il. Perform the colour tests for protein, and record your results. 
III. Perform the “salting out”’ tests with (NH,),SO, and MgSO,. 
IV. Heat the solution. 

With the solid substance perform the following experiments :— 

V. Heat some solid caseinogen upon a piece of broken porce- 

lain with “ combustion mixture ”’ (a mixture of sodium 
carbonate and potassium nitrate). When cool, extract 
with nitric acid, filter, add ammonium molybdate in 
nitric acid, and heat. The canary yellow precipitate 
denotes presence of phosphorus. 

VI. Heat a little caseinogen with 1 per cent. NaOH in the incubator or 
on a water bath at 37° C. for twenty-four hours. Phosphoric 
acid is broken off. Precipitate the phosphoric acid, after acidify- 
ing with acetic acid and filtering, by the addition of ammoniacal 
magnesium citrate. Filter. Dissolve the precipitate in nitric 
acid, and test with molybdate as above. 

In the above experiments it will be found that caseinogen yields all the 
colour tests except Molisch. It therefore contains no carbohydrate group 
(see p. 254). The xanthoproteic, Millon’s, and the glyoxylic tests will be 
very well marked, showing that caseinogen isrich in tyrosine and tryptophan. 


In “salting out” caseinogen behaves like a globulin, being 
precipitated by full saturation with magnesium sulphate and half 
saturation of ammonium sulphate. 

Caseinogen is not coagulated by heat. 

The Sclero-proteins comprise the group of proteins formerly 
termed albuminoids. They are obtained mainly from “ the hard ” 
or supporting structures of the body. Those of physiological 
importance are Collagen, Elastin and the Keratins. 

Collagen, the precursor of gelatin, forms the chief constituent of 
white fibrous tissue and of the organic substance of bone. It also 
exists in cartilage, where, however, it is mixed with several other 
bodies (see under gluco-proteins, p. 245). 

Preparation of Collagen.—A piece of tendon is macerated overnight 
in 1 per cent. caustic alkali to remove other proteins, and then 
washed with water till alkali free. The resulting mass is collagen. 
Place a piece of this in a flask and boil it for ten minutes with water 
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which is rendered faintly acid with acetic acid. By this treatment, 
the collagen is transformed into gelatin and, on cooling the solution, 
it gelatinises. Solutions containing about 1 per cent. and upwards 
set to a jelly on cooling. If the process of heating and cooling be 
repeated too often the solution ceases to set. 


Gelatin.—This is really the hydride of collagen, the boiling with 
acidulated water in the above experiment having caused the collagen 
to take up a molecule of water. Conversely, the gelatin can be 
reconverted into collagen by heating it to 130° C., whereby it loses 
water. 

EXPERIMENT. Apply the following tests to a solution of gelatin 
in water: (1) The Biuret reaction: a violet colour is produced. 
(2) The xanthoproteic reaction: only a slight coloration is 
produced. (3) The Millon’s test: only a slight reddening of the 
precipitate occurs on boiling. (4) The glyoxylic test: absent or 
very faint. (5) Half saturation with (NH,),SO,: salted out. It 
is also precipitated on full saturation with magnesium sulphate, 
also on full saturation with sodium chloride in an acid medium. 

The reason why the second, third and fourth tests are not very 
distinct, is because gelatin does not yield aromatic bodies on decom- 
position, and both these tests depend on the presence of aromatic 
bodies. Some varieties of gelatin give these reactions more distinctly 
than others, but absolutely pure gelatin! is said not to give them 
at all, so that their presence is held to depend on contamination of 
the gelatin with native protein. 


Elastin.—This is the chief protein constituent of elastic fibrous 
tissue. It is quite insoluble in water and neutral salt solutions. 
By prolonged treatment with dilute acids or alkalis it goes slowly 
into solution, with stronger solutions it is more rapidly dissolved, 
but it also undergoes decomposition. 


Keratins.—These are horny materials found in hair, nails, hoofs 
and horns, etc. These substances are characterised by their high 
sulphur content. They are quite insoluble in water and neutral salt 
solutions. They are also insoluble in dilute acids and alkalis, 
but on treatment with stronger solutions they go into solution and 
at the same time are decomposed. They give the ordinary protein 
colour reactions. 

EXPERIMENT I. Using small pieces of yellow elastic tissue try its 
solubility in water, hot and cold, and in strong alkalis and acids. 
Do the colour reactions. 

Experiment IT. Using hair try its solubility in water and in 
strong acids and alkalis. The presence of loosely combined sulphur 
can readily be shown by heating nails or hair with caustic soda in a 
test tube. On the cautious addition of strong acid to the well-cooled 
alkaline solution H,8 is given off and can be detected by holding 
paper moistened with lead acetate solution over the mouth of the 
test tube. 


* Pure gelatin is said to lack Tyrosine, Tryptophan and Cystine. 
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EXPERIMENT IIT. Using small pieces of finger-nail show that 
keratin also gives the xanthoproteic and Millon tests. 


Conjugated Proteins.—In this group we have proteins to which 
groups (called prosthetic groups) other than protein are united to 
form a complex molecule. The chief groups are : 


(i) The chromo-proteins. 
(ii) The gluco-proteins. 
(iii) The nucleo-proteins. 


Chromo-proteins.—This group of substances is a combination of 
protein with a coloured substance. The best known example is, of 
course, hemoglobin, a compound of the iron containing substance 
hematin and the histone globin. In certain of the lower forms of 
life, molluscs for example, there is believed to exist a conjugated 
protein hemocyanin in which the pigment substance contains 
copper in place of iron. 


Gluco-proteins.—This class of protein has as a prosthetic group 
some form of carbohydrate, very frequently glucosamine. Gluco- 
samine is a sugar which contains an amino group in its molecule. 


They are often separated into three groups, mucins, pseudomucins and 
mucoids. The mucins are soluble in water and dilute alkali, but are pre- 
cipitated with excess acetic acid. They give viscid solutions. The pseudo- 
mucins are equally soluble but are not precipitated by acetic acid. The 
mucoids are soluble in water and in dilute acids and alkalis. Their solutions 
are not viscid. Mucins are found in the saliva, sputum and synovial fluid. 
Pseudomucin is present in fluid from ovarian cysts. Mucoids are found in 
the cornea, the lens, in cartilage, tendon and bones. Mucoid-like substances 
can be also obtained from serum. The so-called nubecole of urine is also 
a mucoid. The different gluco-proteins yield varying amounts of reducing 
substance on hydrolysis. 


EXPERIMENT. Collect some saliva in a test tube, note its viscidity ; 
add to it a few drops of 1 per cent. acetic acid ; a stringy precipitate 
of mucin results. It is insoluble in excess of acetic acid. Filter. 
To residue add a few drops of weak sodium carbonate solution, when 
the precipitate will dissolve. Test this with protein colour tests, 
including Molisch. If enough mucin can be collected the presence 
of carbohydrate can be shown by boiling with a mineral acid, then 
doing an ordinary reduction test after neutralisation. 


EXPERIMENT. Mucin can be prepared from connective tissue where it is 
very abundant, by extracting the latter with a weak alkali (lime water). 
The mucin is precipitated by a weak acid, and the resulting precipitate then 
boiled for about ten minutes with hydrochloric acid (1 part concentrated 
acid + 3 parts water). The resulting solution is cooled and neutralised, 
and examined for protein and carbohydrate. Divide the solution into 
portions, @ and b. ; i ; : 

To (a) apply the Biuret reaction—a violet or pink colour is produced, 
showing the presence of the protein moiety. — 

To (6) add a drop of copper sulphate solution, and, if necessary, some 
caustic alkali till a blue solution is obtained. Now boil, when reduction to 
cuprous oxide will occur, demonstrating the presence of the carbohydrate 


moiety. 
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Nucleo-proteins.—These are derived for the most part from the 
nuclein of the cells and are, therefore, widely distributed. The 
prosthetic group combined with protein is nucleic acid. They may, 
indeed, be regarded as protein salts of nucleic acid. The two com- 
ponents are readily separated, especially by the action of alkali. 
Two varieties a and f nucleo-proteins are recognised. It is question- 
able if the B form is actually a constituent of the cell nucleus. 


Nucleo-proteins on digestion with pepsin are not completely broken down. 
A certain amount of the protein is left in combination with the nucleic acid = 
this material is called nuclein, ie. nuclein is the residue left after peptic 
digestion of a nucleo-protein. Nuclein in its turn may be split into protein 
and nucleic acid. Nucleic acid, on complete hydrolysis, yields various sub- 
stances, a carbohydrate, phosphoric acid, two purine and two pyrimidine bases. 
It has further been found that animal nucleic acid differs in certain details 
from plant nucleic acid. 


Animal Nucleic Acid. Plant Nucleic Acid. 
Phosphoric acid Phosphoric acid 
Carbohydrate ; Carbohydrate ; 
2 Purine bases | pianos 2 Purine bases | aoe 
2 Pyrimidine bases | nee 2 Pyrimidine bases | Sager 


It would seem also to be conclusively proven that there is a combination 
between the phosphoric acid and the carbohydrate and between the carbo- 
hydrate and a purine base. Such compounds of carbohydrate, phosphoric 
acid and purine base are known as mononucleotides, and as there are four 
such groupings in nucleic acid it is regarded as a tetranucleotide. 

Nucleo-proteins and nucleins are insoluble in water, also in dilute acid 
solutions, but are soluble in dilute alkalis and strong acids. They can be 
precipitated from their alkaline solutions by acidification with acetic acid. 
Phosphoric acid is not liberated on hydrolysis with alkali (differentiation from 
phospho-proteins, qg.v.), but it is yielded on hydrolysis with acid. 


In order to prepare nucleo-protein the following method may be 
used :— 

A cellular organ, such as the thymus or pancreas, is minced and 
macerated overnight with water made faintly alkaline with caustic 
soda or ammonia. The extract is then strained through muslin, 
litmus added, and then weak acetic acid. When the reaction 
becomes faintly acid, a copious precipitate of nucleo-protein occurs. 
The nucleo-protein is filtered off and dissolved in weak alkali (1 per 
cent. sodium carbonate). (See also p. 368.) 

EXPERIMENT. Some of this alkaline solution is supplied : 

(1) Add acetic acid—white precipitate soluble with difficulty in 


excess. (Cf. mucin, which is insoluble, and caseinogen, which is 
readily soluble.) 


(2) Perform the protein colour tests. 
(3) Ascertain how it is “salted out.” 


Derivatives of Proteins.—When proteins are hydrolysed either by 
means of inorganic reagents like hydrochloric acid or by proteolytic 
ferments a series of changes take place with the formation of 
increasingly simple substances before the ultimate amino acid or 
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peptide form is reached. The order from complex to simple is 
meta-protein, proteose, peptone, polypeptides, amino acids. 


(a) Meta-proteins.—When a protein is treated either with acid 
or alkali at about 60° C. it goes into solution. This solution does 
not coagulate on boiling, but there is the formation of a precipitate 
when the solution is carefully neutralised. This precipitate is 
again soluble in excess either of acid or alkali. If the precipitate 
on neutralisation is filtered off and suspended in water coagulation 
will occur on boiling. The coagulum is no longer soluble, for example, 
in dilute acid. Acid meta-proteins differ from alkali meta-proteins 
in that they are precipitated from solution on saturation with 
sodium chloride. Both meta-proteins are precipitated on full 
saturation with magnesium sulphate and half saturation with 
ammonium sulphate. Naturally they both give the ordinary 
colour reactions of protein. 

EXPERIMENT. To some diluted egg-white add two or three 
drops of 10 per cent. HCl. Place in water bath at body temperature 
for five minutes. Acid meta-protein is formed. 

Note.—(a) That no coagulum now appears on heating. 

(b) It is precipitated by making the solution neutral or very 
faintly alkaline. 

(c) It is salted out by half saturation with ammonium sulphate 
(like a globulin). 

(d) If neutralised and suspended in water it is coagulated on 
boiling. 

(b) Proteoses and Peptone.—The group of proteoses is divided 
into two, (1) primary and (2) secondary proteoses, which are 
differentiated by precipitation with ammonium sulphate. 

Primary proteose is a mixture of protoproteose and heteroproteose. 
Precipitation takes place on half saturation with ammonium 
sulphate. No coagulation takes place on boiling. A white pre- 
cipitate forms on the addition of nitric acid; this precipitate dis- 
appears on heating, but reappears on cooling. They are almost 
completely precipitated by alcohol. Salts of the heavy metals like 
copper sulphate, mercuric chloride, etc., and tannic acid cause 
precipitation. 

Secondary proteoses, sometimes called deuteroproteoses, are 
precipitated on full saturation with ammonium sulphate. They 
behave like primary proteoses except that the nitric acid and copper 
sulphate tests are negative. 

Peptone is not precipitated by ammonium sulphate. It is pre- 
cipitated by tannic acid and lead acetate. 

EXPERIMENT. Use the solution of ‘‘ Witte’s peptone ” provided 
and perform the following tests : 

(a) Biuret reaction is pink. (Proteoses and Peptone.) 

(b) On faintly acidifying with acetic acid and _ boiling—no 
coagulum. : 

(c) Add carefully a little HNO, so as to form a layer—a white 
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ring forms at the junction of the two fluids. This dissolves on 
heating and reappears on cooling. Salicyl-sulphonic acid produces 
the same effect, but the reaction is more delicate. 

(d) To the solution add an equal amount of (NH,),SO, (ie. half 
saturate). A white precipitate of the primary proteoses is formed. 
Filter. 

(e) Saturate the filtrate with crystals of (NH,),SO,. The 
secondary proteoses are precipitated. Filter. 

(f) With the filtrate perform Biuret and xanthoproteic tests. 

(1) It gives a very characteristic biuret reaction—a definite pink 
coloration. (If the test is done in the presence of ammonium sul- 
phate a large excess of caustic soda must be added as the alkalinity 
of the solution must be due to sodium.) 

(2) As peptones are not precipitated by HNO, the xanthoproteic 
test manifests itself by a yellow colour on heating the solution, 
turning orange with ammonia. ‘The positive results show the 
presence of peptones. 

(The other products of protein hydrolysis are dealt with under 
Digestion, pp. 278 and 349.) 


CHAPTER IV 
CARBOHYDRATES 


Chemical Relationships.—These are compounds of carbon, 
hydrogen, and oxygen, in which the latter two elements usually 
exist in the same proportion as in water. Their general formula is 
therefore C,,H,,O,,. 

Carbohydrates are found chiefly in vegetable tissues, but also 
occur in animal tissues and fluids such as liver and milk. They 
form very important food-stuffs, for they are easily digested and 
assimilated, and moreover are much cheaper than proteins and fats. 
The simplest form of carbohydrate is called a monosaccharide, and 
all other carbohydrates can be broken down into two or more 
monosaccharide molecules by the chemical process of hydrolysis. 
When, by this process, two mono-saccharide molecules are pro- 
duced, the carbohydrate is called a disaccharide ; when more than 
two are produced, the carbohydrate is called a polysaccharide. The 
monosaccharides and disaccharides being sweet to the taste are 
together spoken of as sugars. 


I. Monosaccharides 


Chemically considered, monosaccharides are either aldehydes or 
ketones ; the former are called aldoses, the latter ketoses. The 
sugars are classed according to the number of carbon atoms in the 
molecule, e.g. pentose C;H,,0;, hexose C,H,.O,. 

Aldoses.—An aldehyde is the first oxidation product of a primary 
alcohol, and it contains the end group — CHO. 


A primary alcohol is one in which the ‘‘OH ” or ‘‘ hydroxyl group” is 
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attached to the last carbon atom of the molecule—as in primary propyl 
alcohol, 


CH, — CH, — CH,OH, 
and it contains the end group — CH,OH. If, on the other hand, the hydroxyl 
group be attached to a central carbon atom—as in secondary propyl alcohol, 
CH, — CHOH — CHs, 
the alcohol is called secondary, and contains the group — CHOH. 


If ethyl alcohol be heated with potassium bichromate and sulphuric acid, 

it is oxidised and acetic aldehyde is formed : 
CH, — CH,OH + O = CH; — CHO + H,O. 

Ethyl alcohol. Acetic aldehyde. 
This group, — CHO, is, however, not a stable one, but very readily undergoes 
further oxidation to produce the acid (carboxyl) radicle — COOH, 

CH, — CHO + O = CH; — COOH. 

Acetic aldehyde. Acetic acid. 
As a consequence of this tendency to absorb oxygen aldehydes are strong 
reducing agents, and it is this property which constitutes one of their most 
important group reactions, for the reaction is frequently accompanied by a 
visible change in the colour of the solution. 

Their power of reducing cupric hydroxide, which is blue in colour, to cuprous 
oxide, which is red, and of reducing silver nitrate to metallic silver, is of 
especial value as a test. Similar reactions are obtained with certain bismuth 
and mercury salts. In order to obtain these reactions, it is necessary that 
the liquid be alkaline in reaction. 


Ketoses.—As mentioned above, some carbohydrates belong to 
the group of substances called ketones. 

A ketone is the oxidation product of a secondary alcohol and it 
contains the group—CO—which is situated somewhere in the chain 
between other groups and not at the end of it as in the case of the 
—CHO group of the aldehydes. 


The simplest ketone is acetone CH; — CO — CH which may be obtained 
by oxidation of secondary propyl alcohol, 
CH, — CHOH — CH; + O = CH; — CO — CH; + H,0O. 
Secondary propyl alcohol. Acetone. 
Ketones form compounds with phenyl hydrazine, but only some of them 
reduce metallic oxides in alkaline solution. Those ketones which belong to the 


carbohydrates manifest this reducing power. The only well-known ketose is 
levulose. 


Reactions of Monosaccharides. J. Their Reducing Power. 

EXPERIMENT I. 'rommer’s Test.—Place a few drops of a weak 
solution of copper sulphate in a test tube ; add about 5.c. of al 
per cent. solution of dextrose, and then, drop by drop, a 20 per 
cent solution of caustic soda until the precipitate of cupric hydro- 
xide, which at first forms, becomes redissolved, and a clear blue 
solution is obtained. Boil. Reduction is effected, a red precipi- 
tate of cuprous oxide resulting. 

Repeat experiment without the addition of dextrose. A black 


precipitate of cupric oxide is obtained on boiling with execss of 
caustic soda. 


EXPERIMENT II. Fehling’s Test. 


This differs from Trommer’s test in that tartrate of sodium and potassium 
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(Rochelle salt) is added to the mixture of CuSO, and NaOH.! Rochelle 
salt has the property of dissolving cupric hydroxide, forming a blue solution, 
which is unaltered on boiling, and is therefore of especial value when the 


solution to be tested contains only a small amount of dextrose or other reduc- 
ing substance. 


Boil a few c.c. of Fehling’s solution in a test tube. Add the 
dextrose solution drop by drop, with continued boiling, until 
reduction results, as evidenced by the diminution of the blue 
colour and the formation of an orange red precipitate. 

ExprrmMeEnt III. Benedict’s Test.—To 5 c.c. Benedict’s (quali- 
tative) reagent? add a few drops of dextrose solution and boil 
hard for several minutes. According to the amount of sugar present 
in the solution used the colour varies from greenish to red. 

EXPERIMENT IV. Boil dextrose solution with Barfoed’s ® solution. 
Add two drops of the sugar solution to about 5 c.c. of Barfoed’s 
solution in a test tube and boil for about half a minute. Remove 
from the flame, shake gently for 10-15 seconds and again boil. 
The appearance of the red copper oxide indicates the presence of a 
monosaccharide. (The reduction which takes place with Barfoed’s 
solution is, as a rule, very slight.) 

There are several reactions characteristic of ketoses, of these the 
following is important. 

EXPERIMENT V. Seliwanoff’s Test.—Mix a few cubic centimeters 
of a solution of levulose with half its volume of concentrated HCl. 
Add a few crystals of resorcin and heat the mixture. A deep 
red colour develops and later a brown precipitate. The colour can 
be extracted by shaking with amyl alcohol. The characteristic 
red colour should appear before the solution boils. 

Repeat this experiment with pure dextrose solution instead of 
levulose. A slight red colour develops but no precipitate. 

This development of colour is due to the formation of a furfural 
compound which combines with the resorcin to form a red pigment. 


EXPERIMENT VI. Nylander’s Test.—To about 5 c.c. of dextrose solutionin 
a test tube add about 1 c.c. of Nylander’s reagent (a solution containing 10 
per cent. caustic soda, 4 per cent. Rochelle salt and 2 per cent. bismuth sub- 
nitrate). Boil for two minutes. A black precipitate of bismuth forms. 
Some substances (creatinin, uric acid) which reduce Fehling’s solution do not 
give this test. As regards the sugars, however, where Fehling’s test is posi- 
tive this test will also be positive. 


II, Monosaccharides form compounds called Osazones, with Phenyl 


1 For the exact formula for Fehling’s solution see p. 319. 

2 Benedict’s (qualitative) reagent. Anhydrous sodium carbonate 100 grms. 
and sodium citrate 175 grms. are dissolved in about 500 c.c. water; to this 
mixture is added 17:3 grms. crystalline copper sulphate dissolved in 100 
c.c. water, gradually, and with frequent shaking. Make up to 1 litre. 
The advantage of this solution is that it does not deteriorate on keeping, it 
does not destroy traces of sugar, and is not reduced by chloroform. 

3 Barfoed solution: 50 grms. cupric acetate and 50 grms. sodium acetate 
are dissolved in water, 5 c.c. glavial acetic acid added and the solution made 
up to | litre with water. 
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Fia. 173.—Osazone crystals. x 400. 
A, Phenyl-glucosazone; 3B, Phenyl-maltosazone; ©, Phenyl-lactosazone. 
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Hydrazine.—The compounds are very useful in identifying the 
various forms of sugars, as each sugar forms a slightly different 
compound, 

EXPERIMENT VII. The production of osazones. To 10 c.c. of 
a 1 per cent. solution of dextrose add 1 c.c. of glacial acetic acid 
and 0-25 gm. (enough to cover a sixpence) of phenyl-hydrazine 
hydrochloride and twice the amount of sodium acetate. Warm 
gently till everything is dissolved, and then place for half an hour 
in a boiling water bath. Allow to cool, when a yellow precipitate 
of glucosazone will separate out. Examine this under the micro- 
scope, and notice that the precipitate is composed of branching 
needle-shaped crystals arranged in rosettes or sheaves (Fig. 173). 


The excess of sodium acetate in the above mixture reacts with the pheny]l- 
hydrazine hydrochloride so as to form the acetate. 

The chemical reaction takes place in two stages, the intermediate body 
being called a hydrazone. 


I, CH,OH(CHOH),CHO + H,N.NH.C,H; =H,O + CH,OH(CHOH),CH : 
N.NH.C,H;. 


II. CH,OH(CHOH),CH : N.NH.C,H, + H,N.NH.C,H,; = CH,OH(CHOH). 
CO.CH : N.NH.C,H; + NH; + H,N.C,H;. 

CH,OH(CHOH),.CO.CH : N.NH.C,H, + H,N.NH.C,H, = CH,OH(CHOH),. 
C( : N.NH.C,H;).CH : N.NH. C,H; + H,0. 


When it is desired to obtain osazones from dilute sugar solutions, a more 
certain way to proceed is as follows :—Mix two drops of phenyl-hydrazine 
(fluid) with ten drops glacial acetic acid and add to this 5 c.c. of the sugar 
solution, shake, and place the test tube for one hour in the boiling water bath. 
After cooling examine under the microscope for the crystals. With stronger 
sugar solutions this method yields crystals after a few minutes’ heating. 

The advantage of the phenyl-hydrazine hydrochloride is that it does not 
readily decompose on keeping, whereas the free base does. 

The osazone crystals are valuable for distinguishing between the different 
sugars. Besides microscopical examination, a determination of the melting 
point is often of value.1 For this purpose the crystals of osazone are collected 
on a filter paper, washed with water acidulated with acetic acid, recrystallised 
from water, alcohol or acetic acid, and dried by placing in a desiccator over 
H,SO,. They are then placed in a narrow glass tube closed at one end and tied 
on to the bulb of a thermometer by afine platinum wire. The thermometer is 
suspended in a long-necked flask (about 50 c.c. capacity) in which is concentrated 
H,SO, (almost saturated with K,SO, to prevent fuming) and the tempera- 
ture gradually raised by heating the flask over wire gauze. The bulb of the 
thermometer should dip into the sulphuric acid. The exact temperature at 
which the crystals begin to melt and the temperature of complete fusion are 
noted. For accurate work, a correction is necessary because the mercury 
thread is cooler than the bulb of the thermometer.” 


1 Too much reliance must not be placed on a determination of the melting 
points of osazones in identifying unknown sugars, for they vary with the rate 
of heating and with the method of purification of the osazone. 

2 To make the above correction, a second thermometer must be suspended 
in the flask with its bulb opposite the middle of the column of mercury of the 
main thermometer, the formula for correction is then L(Z'’ — t) (0-000154) 
where L = the height of the mercury column of the main thermometer above 
the sulphuric acid measured in degrees ; 7’ = the reading of the main ther- 
mometer ; ¢, the reading of the air thermometer. This correction must be 
added to the reading Z' of the main thermometer. 
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The following are the melting points of some of the most important osazones : 


Dextrosazone,* : : . 204-205° C. : 
Lactosazone : : . 200° C. (Begins to melt at this temp.). 
Maltosazone . : : . 206°C. 


If the crystals are pure, melting occurs at once, but if they are impure there 
may be a considerable difference in temperature between the points of com- 
mencing and complete fusion. 


CHAPTER V 
CARBOHYDRATES—Continued 


There are, however, other reactions of carbohydrates which do not 
depend on their being aldehydes or ketones. The most important 
of these are: 


I. Molisch Test—This is an extremely sensitive test, being especially 
suitable for the detection of minute traces of carbohydrate. For example, 
most proteins (e.g. egg albumin) give it, on account of the carbohydrate groups 
which they contain. 

ExpERIMENT I. To about 2 ¢.c. of a very dilute sugar solution, or of a 
strong solution of egg albumin, add a drop of a saturated alcoholic solution of 
a-naphthol. Then carefully pour about an equal volume of pure concentrated 
H,SO, down the wall of the test tube so that it forms a layer at the bottom. 
On standing a minute or so a deep violet ring forms at the line of contact of 
the two fluids. Colour is due to the formation of a furfural compound which 
combines with the a-naphthol. The greenish colour which also develops is 
due to the reagents and is no part of the test. 


II. Fermentation with Yeast.—By allowing yeast to grow on a 
solution of dextrose, the latter is split up into alcohol and carbon 
dioxide, 

C.H,.0, = 2C,H,OH + 2CO, 
Dextrose. Ethyl alcohol + carbon dioxide. 


All carbohydrates do not give this reaction, so that it is of value as a 
distinguishing test for the presence of dextrose in the urine. Commercially 
it is the agency employed in the preparation of alcoholic beverages. 

EXPERIMENT II. Shake up a 1 per cent. solution of dextrose, which has 
been previously boiled to expel the air and then cooled, with a piece of yeast 
the size of a split pea. Pour the opalescent solution thus obtained into a 
Southall’s ureometer so that it completely fills the vertical tube. An ordinary 
test tube closed by a cork through which passes a length of glass tubing may 
be used in place of the ureometer. Now place the tube aside in a warm place 
for some time, when it will be found that a certain amount of gas has col- 
lected at the top of the tube. This gas is CO, as can be shown by adding 
some NaOH to the tube by means of a pipette and shaking; the gas dis- 
appears. As a control, a tube filled with water and yeast should also be 
incubated. This should yield no gas. 

Repeat the above experiment with similar solutions of maltose, lactose 
and cane sugar, and note that, after 24 hours, lactose has not undergone any 
fermentation, whereas it is marked in the case of maltose; cane sugar may 
also show a certain amount of fermentation. Yeast contains an invertase 


1 Levulose forms the same osazone as dextrose. 
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(maltase) which readily hydrolyses maltose into dextrose, on which the 
zymase of the yeast then acts, forming alcohol and carbon dioxide. Another 
invertase in the yeast acts on cane sugar, These invertases have no action 
on lactose. 


III. Rotation of Polarised Light.—All simple carbohydrates rotate 
the plane of polarisation of polarised light to the right except 
levulose, which rotates to the left. 


— effect is due to the presence in the molecule of asymmetrical carbon 
atoms. 


6 carbon aldose. 6 carbon ketose. 
CH,OH CH,OH 
*CHOH *CHOH 
-cHOH *CHOH 
*CHOH *CHOH 
*CHOH CO 
CHO CH,OH 


* Denotes an asymmetrical carbon atom. 


Examination of the above formule shows that the aldoses contain four 
asymmetrical carbon atoms, whilst the corresponding ketoses contain only 
three. The different arrangements in space of the hexose carbon atoms allow 
of the existence of sixteen different hexoses, of which twelve have been 
identified. Only two, however, are of physiological importance, dextrose and 
galactose. The different spatial arrangement of the atoms in the molecule 
accounts for the difference in rotatory powers shown by these aldoses and also 
for slight differences in chemical properties, such as crystalline form and 
melting point of the osazones. 


Polarisation of Light.—When two slices of tourmaline, a semi-transparent 
mineral, are cut parallel to the axis of the crystal and laid over one another, it 
will be noticed that the amount of light which passes through the combination 
varies according to the relative positions of the two slices to one another. If 
the slices be at right angles to one another no light passes through, and in 
intermediate positions only a certain amount, so that an opaque combination is 
obtained. A ray of ordinary light contains vibrations in all planes passing 
through the ray ; but when the light passes through a tourmaline plate it 
vibrates in one plane only. Ordinary light may, therefore, be likened to a 
wheel, the axle representing the ray of light and the spokes the planes along 
which it vibrates. On passing through the tourmaline plate, however, the 
light is capable of vibrating in one plane only, which would correspond, in our 
example, to two opposite spokes. The light which vibrates in one plane is 
called plane-polarised light, and cannot be distinguished by the naked eye 
from ordinary light. By placing a second, similarly cut, tourmaline plate in 
its course, however, it can be detected, for it will pass through this only if its 
axis corresponds to the axis of the first plate. The first plate is called the 
polariser and the second plate the analyser. ‘The mechanism of this action of 
the analyser and polariser can be easily illustrated by a piece of string stretched 
between two posts ; it can vibrate in all planes. If a comb be placed in the 
course of the string the vibrations can only take place along one plane corre- 
sponding to the direction of the teeth of the comb. This comb represents the 
polariser. If now, a second comb be placed along the string it will permit the 
vibration of the string or stop it, according to the position of its teeth ; if 
these be in the same direction as those of tho first comb the string will go on 
vibrating, but if they be placed at right angles the string will cease to vibrate. 
Polarisation of light by tourmaline illustrates the principle of the polarimeter, 
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but in this instrument itself it is found more convenient to use a polariser and 
analyser made of a Nicol’s prism. A Nicol’s prism consists of a crystal of 
Iceland spar. Such a crystal has the power of splitting light into two rays, 
one of which, the extraordinary ray, passes through it as it would through 
glass, and the other one, the ordinary ray, is more refracted. Consequently, 
on looking at a dot on a sheet of paper through a piece of Iceland spar laid 
flat on the paper, a double image of the dot is obtained, and if the crystal be 
rotated, one of the dots—the ordinary ray—will be seen to move round the 
other—the extraordinary ray—which remains stationary. Now both these rays 
are polarised, but in different planes. If the crystal be cut across along a 
diagonal line and the two surfaces re-cemented by means of Canada balsam, 
the ordinary ray, when it meets the balsam, will be totally reflected and pass 
out at the side of the crystal, whereas the extraordinary ray will be trans- 
mitted through the balsam, and will finally emerge at the end of the prism, 


Fre. 174.—Polarimeter of Mischerlich with Laurent’s polariser. 


P, polariser and device for obtaining half shadow; R, fluid container; 7, scale with vernier ec 
attached to pointer; A, compensator and analyser; F, lens. 


parallel to its original direction ; but, of course, plane polarised. To detect 
the polarisation a similarly constructed prism, or analyser, must be used. 
Certain other bodies, e.g. a quartz plate, a solution of sugar or albumin, 
have the power of rotating the plane of polarised light. Thus, supposing that 
the plane polarised light vibrates along a vertical plane, one of these bodies will 
cause it to vibrate in an oblique plane. If the analyser be so placed that none 
of the plane polarised light can pass through it (i.e. the field is black), and if a 
piece of quartz be inserted between the polariser and analyser, it will be found 
that now a certain amount of light passes through the analyser (i.e. tho field 
becomes opaque), and, in order to obtain darkness again, it is necessary to 
rotate the analyser in the direction of the hands of a watch, as seen by the 
observer. Consequently, rotation has taken place to the right, i.e. dextro 
rotation is said to have occurred. If a solution of albumin or levulose be 
employed the rotation of the analyser must be to the left, ie. against the 
hands of the watch. When the plane of white light passes through the quartz 
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plate, however, the various colours of the spectrum are rotated to a difterent 
degree, so that, instead of having a mere opacity (as is the case with inter- 
mediate positions of two ‘‘ tourmaline '’ plates), different colours are obtained 
according to the amount of rotation. There are also samples of quartz which 
rotate the plane of light to the left. 

Dextrose and a quartz plate produce the same amount of rotation, and 
peers it 1s possible to determine the rotatory power of a solution of the 
ormer by compensating its rotation by means of a ? 

Bee ae y 8 quartz plate of known 

We are now in a position to understand the constructi i 

1 8 ‘onstruction of a polarimeter 
or saccharimeter. It consists of the following parts: 5 


rl Me A Nicol’s prism, called the polariser. This polarises light in a vertical 
ne. 


(2) A biquartz, or other device for rotating, in opposite directions, the two 
halves of a polarised beam. A biquartz consists of a disc of quartz made of 
two semicircular halves of equal thickness, but of opposite rotatory powers. 
Each half is of such a thickness that it rotates the plane polarised light to 90° 
in opposite directions so that, on 
emerging from the disc, the plane of ( 
light is now horizontal. Instead of a 
biquartz many instruments contain a 
semicircular plate of quartz. 

(3) A tubular liquid holder to hold 
10 c.c. of the liquid to be examined. 
If the length of this tube be 188-6 
mm. the amount of rotation in angular 
degrees will correspond to percentage 
of dextrose in the fluid (e.g. urine) 
examined. 


(4) A Compensator.—This shows how 


much rotation has been produced by Fie. 175.—Diagram of scale and 
the solution. It is connected with a field of vision of polarimeter. 
scale representing angular degrees, Above is represented the scale for measuring 
and the pointer carries a vernier, so the compensation necessary. In the posi- 
that tenths of a degree can be read off. tion represented in the diagrain the read- 
I ee th : ing is 2°7 dextro rotation. The lower 
n some instances the compensator part of the diagram shows the three 
consists of two wedge-shaped pieces of appearances of the field of the polari- 
quartz, so arranged on one another meter, the central one representing the 
appearance at zero, Le. when there is no 


that the total thickness of quartz in- aaachaonk 

terposed in the path of the polarised ; 

beam can be varied by means of a screw. In other instruments the quartz 
plates are dispensed with, the amount of rotation being measured by rotat- 
ing the next part of the instrument, namely, the 


(5) Analyser, so as to obtain uniformity of tint in the two halves of field. 


(6) A Lens. 

When the tube (3) is filled with water or an optically inactive fluid, and the 
compensator or analyser rotated until a violet colour of uniform tint fills the 
field, the indicator will be seen to stand at zero (if not so, the error must be 
noted). If now, an optically active fluid be placed in the tube the two halves 
of the field will become of different tints, i.e. rotation of the plane of polarised 
light has occurred. In order to measure the amount of this rotation, we must 
move the screw or pointer connected with the compensator or analyser until the 
uniform tint is again obtained. The amount of ‘‘ compensation ”’ necessary 
is read off on the scale and, if the holder be not 188-6 mm. long, the necessary 
calculation is made in order to ascertain the strength of the solution (for 


formula see below). ‘ 


rs the field is divided into three; when at 
therwise the central band takes a different 


1 In many modern polarimete 
zero these are of the same tint, o 


colour. 
bs) 
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To estimate the percentage of sugar in urine the chief precautions are, (1) to 
see that it is perfectly clear, and (2) to see that it contains no protein. 

In order to obtain a specific or comparative number (i.e. a result always 
obtained under the same conditions) it is necessary to adopt a standard. This 
consists of the rotation, in degrees of a circle, produced by 1 gy. of the substance 
dissolved in 1 ¢.c. of fluid and contained in a tube 1 dem. long. This is called 
the specific rotatory power and is represented by (a)D.1 It is determined 
by the following formula : 


1D) = ge 
where a = the observed rotation, 
1 = the length, in decimeters,of the tube in which the solution is placed, 


p = the weight, in grammes, of the substance contained in 1 c.c. solvent. 


The rotation produced by a substance depends upon its concentration in a 
solution; if, therefore, the index (a)D of any substance be known, and its 
rotation be ascertained, its percentage P in any fluid can be ascertained by the 
formula : 

P= 100a 
sl 


where s = (a)D. 


For rapidly and accurately determining the percentage of sugar in any fluid 
(e.g. urine) the polarimeter—and especially that form of it in which the scale 
reads percentages of sugar—is a very valuable instrument. It is much used 
for this purpose in the continental clinics. 

The Specific Rotatory Power * of certain of the sugars in about 10 per cent. 
solution is as follows : 


Monosaccharides : Dextrose : + 52-72. 
Galactose: -+ 83°. 
Levulose: — 93°. 


Disaccharides.—The (a)D of these carbohydrates changes when they are 
hydrolysed. 


Cane sugar: + 66-5°—after hydrolysis becomes levorotatory. 
Maltose : -+ 138° —after hydrolysis becomes much less. 
Lactose : + 52-5°—after hydrolysis becomes slightly more. 


Quantitative methods for the estimation of sugar will be found 
on pp. 319 and 337. 


The Chief Monosaccharides are dextrose, levulose and galactose. 

Dextrose, grape sugar or glucose (C,H,,0,), is a dextro-rotatory 
sugar found in many fruits, and is an important food-stuff. In 
the healthy animal body it occurs in the blood and muscles. In 
normal human blood the amount of glucose is usually from 0-1 to 
0-15 per cent. 


; It is soluble in water and in alcohol. It has only a slightly sweet 
aste. 


1 Tho “‘ D ” indicates that sodium light is used as a source of illumination. 
* The rotatory power of a solution of a sugar is frequently different when 
the solution is freshly made from what it becomes on standing. This pheno- 
menon is called mutarotation. The figures given are all for solutions which 
have been kept long enough to be in equilibrium. Temperature also affects 


the rotatory power of a solution, particularly in the case of levulose and 
invert sugar. 
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Glucose readily combines with alcohols, acids, phenols, etc., to form 
eager These are resolved into their constituent groups by hydrolysis 
with acid. 


Levulose (C,H,,0,) is a levo-rotatory sugar found along with 
dextrose in fruits and honey and results from the hydrolysis of 
cane sugar (see Disaccharides). It is very rarely found in animal 
tissues. It is crystallisable with great difficulty, being usually 
obtained as a putty-like mass. 


Galactose (C,H,.0,) is a dextro-rotatory sugar produced, along 
with dextrose, by hydrolysing lactose (see Disaccharides). Certain 
lipoid substances in brain tissue, yield galactose on hydrolysis. 
It differs but slightly from dextrose in its reactions. Its presence 
can be detected by the fact that when oxidised, as by boiling with 
nitric acid, it yields mucic acid which forms characteristic crystals. 


EXPERIMENT. Test for galactose. Add 3 c.c. pure HNO,(con.) to 10 c.c. 
of a strong solution of lactose in a small evaporating dish. Boil gently over 
a free flame for three minutes, and then lower the flame and allow to evap- 
orate till the volume is reduced to about 3 c.c. Transfer to a test tube, cool 
under the tap, add 2 ¢c.c. water, and allow to stand. Crystals of mucic acid 
separate out. 


Il. Disaccharides 


Chemically, each molecule of a disaccharide consists of two 
molecules of a monosaccharide less one molecule of water, 


2C,H,,0, — H,0 = C,, H22041. 


Their structure can be demonstrated by hydrolysing them, i.e. 
by causing them to take up a molecule of water, in consequence of 
which they split up into two monosaccharides. 

The chief means of hydrolysing include boiling with dilute acid 
and the action of certain ferments called invertases, which are 
present in intestinal secretion and in the protoplasm of many cells 
such as the yeast plant (see p. 271). 

The physiologically important members of this class are cane 
sugar, maltose and lactose, and of these cane sugar does not reduce 
metallic oxides in alkaline solution, nor does it form an osazone, 
whereas lactose and maltose give both these reactions. With yeast 
maltose and cane sugar are first hydrolysed, and the monosac- 
charides thus produced then undergo alcoholic fermentation. 


Cane Sugar or Sucrose (C,,H,,0,,) is the common sugar obtained 
from sugar cane, beetroot, etc. It is very soluble in water and 
has a sweet taste. It does not reduce metallic oxides in alkaline 
solution. 

ExPERIMENT I. Perform Fehling’s or Trommer’s test with some 
cane sugar solution. Notice that, although no reduction occurs, the 
cane sugar, like other sugars, is capable of holding the cupric 
hydroxide in solution, so that a clear blue colour is produced. 
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Exrerment II. Boil some cane-sugar solution with a few drops 
of 25 per cent. sulphuric acid for two minutes. Now neutralise the 
acid and apply Trommer’s or Fehling’s test and note that reduction 
occurs. The monosaccharides formed are dextrose and levulose, 
the mixture being called invert sugar. 

It is often better to employ an organic acid such as citric acid to produce 
the hydrolysis, because the organic acid does not hydrolyse starch or glycogen, 
whereas mineral acids do. 

Experiment III. Apply Seliwanoftf’s test for ketose to a solution 
of cane sugar. The reaction is as marked as for levulose, owing to 
hydrolysis of the cane sugar by the hydrochloric acid employed. 

Experment IV. Heat some cane sugar solution with strong 
hydrochloric acid. Note the reddish colour developed due to the 
formation of furfural. This reaction is given by other sugars, but 
not so readily. 

A solution of cane sugar is dextro-rotatory, but after hydrolysis it is 
leevo-rotatory, the levo-rotatory power of the levulose being stronger than 
the dextro-rotatory power of the dextrose formed. On this account the 
process of hydrolysis is sometimes called inversion, and the hydrolysing 
ferments in the succus entericus, etc., are often called invertases. 

EXPERIMENT. Examine a 10 per cent. solution of cane sugar with the 
polariscope. Note the rotation and calculate (a)D. Place exactly 50 ¢.c. of a 
20 per cent. solution of cane sugar in a 100 c.c. measuring flask; add 1 gr. 
citric acid and boil over wire gauze for five minutes. Cool, neutralise with 
NaOH solution, and fill with distilled water to the 100 c.c. mark. Examine 
this solution with the polariscope and calculate (a)D. 

Lactose (C,.H,,0,,) is a dextro-rotatory sugar found in milk, and 
it has been detected in the urine of nursing mothers. 

It is not very soluble in water, and is quite insoluble in alcohol 
and ether. It has only a slightly sweet taste. It does not ferment 
with yeast in twenty-four hours, but it undergoes a special fer- 
mentation with the bacillus acidi lactici which develops in sour milk. 
This fermentation results in the production of lactic acid. 


C,.H,.0,, + HO = 4CH,.CHOH.COOH. 


Lactose. Lactic acid. 


On hydrolysis it yields dextrose and galactose. It reduces metallic 
oxides in alkaline solution. By oxidation with nitric acid it yields 
mucic acid. 


Maltose (C,,H,,0,,),a dextro-rotatory sugar, is important physio- 
logically because it is the sugar produced from starch by the 
diastases present in the digestive juices and tissues. Maltose is 
therefore mainly an intermediary substance in the animal body. 


Maltose is also produced by the action of malt diastase, which is obtained 
by moistening barley and allowing it to germinate in heaps at a constant 
temperature. The diastase acts on the starch of the grain and produces 
maltose. The product when dried is called malt. When malt is dissolved 
in water, and the yeast plant allowed to grow on the solution, malted liquors, 
such as beer and ale, are obtained. In this process the maltose is first of all 
inverted into two molecules of dextrose by the invertase contained in the 
yeast, and the dextrose then undergoes alcoholic fermentation. 


It reduces metallic oxides in alkaline solution, but is feebler in this 
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regard than dextrose. It rotates the plane of polarised light more 
strongly than dextrose. After hydrolysis, therefore, the reducing 
power shows an increase and the rotatory power a decrease. 

EXPERIMENT. Boil lactose or maltose solution with Barfoed’s 
reagent. ‘There is no reduction. This reagent is not reduced by 
disaccharides. 


CHAPTER VI 
CARBOHY DRATES—Continued 
IL. Polysaccharides. 


A polysaccharide is the condensation product of more than two 
monosaccharide molecules, and has accordingly the general formula 
(C,H, .0;),, Where n stands for a variable number.! Polysaccharides 
can be hydrolysed, in which process they yield, first of all, poly- 
saccharides (dextrines) of lower molecular weight (i.e. with n of 
less value), then disaccharides and, finally, monosaccharides. 

Thus, when acted on by diastatic ferments, dextrines and maltose 
are formed. When boiled with acid, on the other hand, the hydro- 
lytic cleavage goes further, and, although dextrine and maltose 
occur as intermediate products, the final product is monosaccharide. 

The most important members of this group are the starches, the 
dextrines, glycogen, the celluloses, and the gums. They are very 
widely distributed in vegetables, and constitute a most important 
class of food-stuffs. 

General Characters.—They do not form crystals, nor, with few 
exceptions, are they soluble in cold water. Few possess any sweet 
taste. As a rule they do not diffuse through parchment and are 
therefore colloids. Their solutions are optically active. They do 
not reduce metallic oxides in alkaline solution, they do not form 
osazones and they cannot be fermented with yeast. Like other 
colloids, they are precipitated when their solutions are saturated 
with certain neutral salts, such as ammonium sulphate. They may 
be sub-divided into three sub-groups, the starches, the dextrines 
and the celluloses. 

1. The Starches.—These include ordinary starch and glycogen. 
Starch is the most widely distributed carbohydrate in the vegetable 
kingdom, for it is in this form that plants store up their excess of 
carbohydrate. 

The exact shape of starch grains varies according to the plant from which 
they are obtained. In this connection they may be divided into two groups : 
(1) a group in which the contour of the grains is even, such as wheat, barley, 
arrowroot, potato; (2) a group in which the contour is marked by facets, 
either completely, as in oats and rice, or only partially, as in tapioca and sago. 


1 It is impossible to give a definite value to n because the molecular weight is 
unknown. The symbol 7 signifies that the formula within the brackets is to be 
multiplied an indefinite number of times. 
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Exprrment I. Examine some wheat flour, a scraping of 
potato, and some ground rice under the microscope. To do this, 
mix the flour, etc., with a drop of water on a slide, and examine 
under a cover slip. 

Starch, like most other polysaccharides, is insoluble in cold 
water, but it swells up in hot water, an opalescent mixture being 
formed. 

EXPERIMENT II. Place a small amount of powdered starch in a 
test tube, and half fill up with cold water—no solution occurs-—now 
boil, when an opalescent mixture will be produced, and, if of 
sufficient concentration, this will gelatinise on cooling. Try Trom- 
mer’s test—no reduction occurs. 

The standard test for starch is with iodine solution. 

EXPERIMENT III. To an opalescent cold solution of starch add a 
drop or two of a very dilute solution of iodine in potassium iodide ; 
a blue colour results, which disappears on gradual heating and 
returns again on cooling. Excessive heat must be avoided, since 
the iodine is volatile, and the solution must not be alkaline. 

Starch granules also give this reaction under the microscope. 
The cut surface of a potato gives it. 

Hydrolysis can be effected by boiling with a weak acid or by the 
action of ferments, diastases, such as ptyalin. 

Experiment IV. Place some starch solution in a test tube, 
add to it a few drops of 25 per cent. sulphuric acid and boil for five 
minutes. Neutralise and apply the iodine test and note that, 
instead of a blue, a reddish brown colour is produced (due to dextrine). 
Apply Trommer’s or Fehling’s test, and note that reduction occurs. 

EXPERIMENT V. Place some of the starch solution in the mouth, 
and after a few minutes transfer it again to the test tube ; now apply 
Trommer’s or Fehling’s test—reduction occurs. 

Try the same experiment with some unboiled starch, and note 
that there is no reduction (i.e. the resistant external layers have not 
been hydrolysed). 


Glycogen (C,H,,0;),.—Just as plants store up excess of carbo- 
hydrate in the form of starch, so do animals store it partly in the 
form of glycogen. The chief seats of this storage are the liver and 
muscles. Glycogen forms an amorphous white powder. It is 
soluble in water and the solution is opalescent. Solutions of 


glycogen are dextro-rotatory and are precipitated by basic lead 
acetate solution. 


_ Experiment VI. Glycogen may be readily prepared by grinding up fresh 
liver or common shell-fish, mussel or oysterin a mortar with about three times 
its volume of a 3 per cent. solution of tri-chloracetic acid. This reagent 
coagulates the proteins. The glycogen is contained in the extract, and can be 
precipitated by alcohol.t After collecting on a filter dissolve some of the 
glycogen in water and notice that the solution is opalescent. Add to this a 
drop or two of iodine solution : a port-wine colour results, which disappears 
on heating, and returns on cooling. 
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EXPERIMENT VII. Place 5 c.c. of glycogen solution in a test tube and add 
ordinary alcohol carefully until a precipitate forms. Note approximately how 
much alcohol requires to be added to obtain this (about 55 per cent.). 

ExrEeRmMeENt VIII. Try Trommer’s test with the glycogen solution ; no 
reduction occurs, but the Cu(OH), is held in solution. 

EXPERIMENT IX. To some of the glycogen solution add a few drops of 25 
per cent. H,SO, and boil for about ten minutes; dextrose is produced, as 
can be shown by applying one of the reduction tests. 

EXPERIMENT X. Mix some glycogen solution with saliva and place the 
test tube in water at body temperature. After about ten minutes apply one 
of the reduction tests. It will be found that a reducing sugar has been 
produced. 


The Dextrines.—During the hydrolysis of starch and glycogen 
dextrines are formed as intermediate products. 

There are several varieties of dextrine, amylodextrine, erythro- 
dextrine and achroédextrine, which differ from one another in 
molecular weight, colour reaction with iodine, etc. 

Dextrine is an amorphous powder, soluble in cold water forming 
a clear solution and is not precipitated by basic lead acetate. 

EXPERIMENT XI. Add some iodine solution: a brownish red 
colour, like that obtained with glycogen, results if erythrodextrine 
be present. The colour disappears on heating and reappears on 
cooling. The bluish violet tint frequently obtained is due to the 
presence of starch. 

ExpPreRm™MeEntT XII. Test reducing power of a solution of dextrine 
before and after hydrolysis with acid. 


Pentoses.— Besides the hexoses, animal tissues also contain small amounts 
of pentoses, that is, sugars containing five carbon atoms, C;H;)05. Being 
aldehydic in nature, they possess reducing powers and form osazone crystals. 
They do not ferment with pure yeast, but they all rotate the plane of polarised 
light. In the animal tissues pentoses do not exist in a free state, being, as 
far as is known, bound to guanylic acid. They are very plentiful in plants, 
where they exist as polysaccharides called pentosans. Thus, in gum arabic 
there is a pentosan which yields l-arabinose when hydrolysed by heating 
with mineral acid, and in wood or bran another pentosan yields /-xylose on 
similar treatment, which is the variety of pentose present in the nucleic acid 
of animal cells. | Pentose sometimes occurs in the urine—the condition being 
called pentosuria—the variety being racemic arabinose (inactive optically). 
The source from which this pentose is derived is difficult to determine, for it 
is independent of the pentoses in the food, and its structure is different from 
that found present in the tissues (see p. 368). 


CHapTerR VII 
FATS 


Fats may generally be recognised by their various physical pro- 
perties. They are insoluble in water, many are soluble with diffi- 
culty in cold alcohol, they are freely soluble in ether, benzene, 
chloroform, petrol, carbon disulphide, carbon tetrachloride, etc. 
Liquid fats and fats of low melting-point give persistent “ greasy 
(translucent) marks on paper. (The so-called “ essential oils 
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also give such marks but they do not persist—they evaporate.) 
Two or three reagents such as Osmic acid and Sudan III give 
characteristic colour reactions. These substances are used as stains 
in Histology for the detection of fatty matter in sections. 


Fats and Fatty Acids 
Neutral Fats are the ethereal salts of the fatty acids with the tri- 
atomic alcohol glycerol, and have therefore the general formula :— 
CH, —O —CO —X 
| 
CH —O—CO—X 
| 
CH, —O — CO —X. 


They are named according to the fatty acid they contain, thus: 
stearin, olein. The fatty acids are monobasic organic acids, con- 
taining one carboxylic group (COOH) attached to a hydro- 
carbon radicle. They belong to two classes, the saturated and 
the unsaturated. The saturated acids have the general formula 
C,H,,,,-COOH. Those commonly occurring in fats are stearic 
acid, in which » =17, and palmitic acid, in which n= 15. 
Thus the formula for stearic acid is CH,.(CH,),,. COOH. 

The unsaturated acids contain relatively less hydrogen in the 
hydrocarbon chain attached to the carboxylic group. This is due 
to the fact that there are one or more double bonds (unsaturated) 
between the carbon atoms of the chain. Thus oleic acid, the 
commonly occurring unsaturated acid of fats, has the formula : 
CH,.(CH,),. CH = CH(CH,),. COOH, and belongs to the series 
C,H»,1. COOH. Other unsaturated acids, containing two, or even 
more, double bonds occur in the fat of the liver, heart and kidney. 
The unsaturated nature of these acids is shown by their combining 
directly with a halogen, thus becoming saturated. 

All the fatty acids possess one property in common, viz. that they 
form salts. These salts are called soaps. By boiling neutral fat 
with caustic alkali, it is split up (by a process of hydrolysis) into 
its constituents, the glycerol being set free and the fatty acid 
uniting with the alkali to form a soap. This process is called 
saponification. 

Experm™ent I. Saponification of Neutral Fat.—Place about 
50 c.c. of strong caustic soda in a dish, and add about 10 grammes 
of fat. Heat to near the boiling-point and stir the mixture fre- 
quently. When all the fat has disappeared allow the mixture to 
cool. The soap forms a jelly or cake, and can be washed in cold 
water to remove any excess of caustic soda. A hard soap is formed 
if caustic soda is used; but with caustic potash a soft soap is 
obtained. 

ExpPERIMENT II. Separation of Fatty Acid from Soap.—Place 
about 40 ¢.c. of 20 per cent. sulphuric acid in a small beaker, 
and heat it nearly to boiling-point ; drop into this pieces of the 
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washed soap, stirring with a glass rod between each addition. 
The acid displaces the alkali from its combination with the fatty 
acid, and the latter separates out on the surface of the water as 
an oily layer. 

The two experiments can be done combined. To a few drops of 
oil in a test tube add about 5 c.c. of a strong alcoholic solution of 
caustic soda, warm until saponification takes place. After cooling 
the addition of strong acid will bring about the liberation of fatty 
acid. 

Experiment III. Reactions of Fatty Acids——Remove some of 
‘the fatty acid with a clean glass rod, and place it on a piece of 
ordinary paper; a greasy stain will result. 


Tn order to purify the fatty acid allow the contents of the beaker to cool, 
when the fatty acid will solidify and can be easily removed with a penknife, 
and transferred to distilled water in a small beaker. This removes a great 
part of the adherent sulphuric acid. But to free it completely it is necessary 
to dissolve the fatty acid in alcohol, and pour the resulting solution into excess 
of cold distilled water. The fatty acid which separates is filtered off and 
washed with distilled water. Use the purified fatty acids for the following 
reactions :— 

A. Demonstrate that fatty acid is acid in reaction. For this purpose 
place some alcohol in a test tube, add a few drops of an alcoholic solution of 
phenolphthalein (an indicator which turns red with alkali, but is colourless 


with acids), and then a few drops of weak a caustic soda. Warm the 


resulting red solution on the water-bath, and drop into it small pieces of fatty 
acid. The red colour will disappear. Repeat the experiment with a piece 
of neutral fat; the result is negative. 

B. Add a piece of fatty acid to some half-saturated solution of sodium 
carbonate, and warm; the fatty acid dissolves, carbon dioxide is liberated, 
and a solution of soap is obtained. Neutral fat is insoluble in cold sodium 
carbonate solution. 

C. Press out some fatty acid between filter paper until it is dry, and apply 
the acrolein test as described in Experiment IV. (see below). The result is 
negative. 

D. To a solution of soap add: (a) a few drops of a solution of calcium 
chloride—a white precipitate of a calcium soap falls down; (b) some lead 
acetate solution—a white precipitate of lead soap falls down (lead plaster). 

The fatty acids prepared by the above method mainly consist of a mixture 
of palmitic, stearic and oleic acids. To separate these from one another, advan- 
tage is taken of the fact that they differ in the readiness with which they 
form salts (soaps) with lead acetate (p. 342). 


Besides these reactions of the fatty acid produced from it, neutral 
fat gives an important reaction, depending on the glycerol which 
it contains. This is called the acrolein reaction. 

Exprriment IV. Place a small piece of fat in a thoroughly dried 
test tube, add to it three or four times its bulk of acid potassium 
sulphate,t and heat. A pungent vapour of acrolein? is given off, 
which blackens a piece of filter paper which has been dipped in 

* Commercial acid potassium sulphate is often impure and gives a pungent 


reducing vapour by itself. It is well, therefore, to make a preliminary test 
with the crystals alone. The impure salt can be readily purified by 
crystallisation. 
* Acrolein is the aldehyde of allyl alcohol and has the formula 
CH, = CH — CHO. 
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ammoniacal silver nitrate solution. This reaction demonstrates 
that the vapour acts as a reducing agent. 

Emulsification.—When oil is mixed with water it floats to the 
surface, but when a soap is present in solution in the water the oil 
globules remain suspended, and an emulsion results, This is more 
permanent if some suspending medium such as mucilage be added. 
_ Exprriment V. In one test tube (a) place some soap solution ; 
in another (b), some water. To each add some neutral olive oil 
and shake. Allow to stand, and note that a remains emulsified, 
b does not. 

EXPERIMENT VI. Place some rancid oil (i.e. containing free 
fatty acid) in a test tube, add some weak caustic potash solution 
and shake; an emulsion forms, soap being formed by the alkali 
combining with the fatty acid. 

ExpPERIMENT VII. Divide the emulsion produced in Experi- 
ment VI into two parts; to one of these add a little mucilage or 
egg-albumen and shake, and note that the emulsion persists 
much longer than that to which no suspending medium has been 
added. 

EXPERIMENT VIII. Shake up some oleic acid or its alcoholic solution with 
dilute bromine water. The colour of the bromine disappears. Repeat with 
an alcoholic solution of stearic acid, when the colour of the bromine persists. 

Under suitable conditions unsaturated fatty acids and fats will also combine 
with iodine. The proportion of iodine with which a given mixed fat will 
combine therefore represents the amount of unsaturated acid present. This 
is called the Iodine Number of the mixed fat. (See p. 343.) Common fats 
are made up almost entirely of varying proportions of stearin and palmitin, 
which are solid at ordinary temperatures, and olein, which is liquid. The 


more olein a fat contains, therefore, the lower will be its melting point and 
the higher its iodine number. 


Lipoids 

In addition to the neutral fats there exists in the different tissues 
in very varying amount a series of substances, many of them ill- 
defined, which possess many of the characteristics of fat and 
to which the name lipoid has been given. These lipoids have not 
all like solubilities in the various solvents used in extraction. Some 
are soluble in hot alcohol but not in cold, some in ether and not in 
acetone, and so on. These varying solubilities are used for the 
separation and isolation of these lipoid substances. 

Lipoids have been classified in various ways, and probably the 
simplest is 

(1) Phosphatides. Substances which contain both phosphorus 
and nitrogen in varying amount. These substances are sometimes 
called Phospho-lipins. 

(2) Cerebrosides. Substances which contain nitrogen but no 
phosphorus. These substances are sometimes called Galactosides 
or Galacto-lipins. 

(3) A class of substances which, like neutral fat, contains neither 
phosphorus nor nitrogen. a 

Group I, the phosphatides, has been subdivided by many workers 
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according to the N : P ratio, but recent work would show that at 
present only three phosphatides can be definitely identified, viz. 
lecithin, cephalin and sphingomyelin. 

Lecithin is a compound of a base cholin, phosphoric acid, glycerol, 
and two fatty acids. It is found widely distributed in the various 
tissues. It is an extremely labile substance. Many functions have 
been ascribed to it. 

Cephalin contains glycerol, phosphoric acid, two fatty acids and 
a base aminoethanol. It is mainly found in connection with nerve 
tissue. Both lecithin and cephalin are extracted by ether, but 
they are differentiated by the fact that lecithin is soluble in alcohol 
whereas cephalin is insoluble. 

Sphingomyelin contains no glycerol but phosphoric acid and two 
fatty acids are present in addition to two bases, cholin and sphin- 
gosine. It is found in largest amount in brain tissue. 

Group II, the cerebrosides or galactosides, have been much less 
fully studied than the phosphatides. They are the principal con- 
stituents of the substance, formerly believed to be an entity, known 
as protagon, a substance which can be readily extracted from brain 
tissue with hot alcohol. The best-known member of the group is 
phrenosin (sometimes called cerebron). The cerebrosides yield on 
decomposition one fatty acid, the base sphingosine and a reducing 
sugar, the monosaccharide galactose. 


Cholesterol.—Cholesterol is the substance selected to exemplify 
Group III. Although soluble in the same solvents as fats and the 
lecithins, cholesterol is not a fat, but an unsaturated secondary 
alcohol belonging to the terpene series. The terpenes are common 
in plants, examples of them being camphor and turpentine. 

Like the lecithins it is very widely distributed in the animal 
body. In the free state, it is present in the envelope and stroma 
of the red blood corpuscles; both as an ester, and in the free 
state it is present in the blood. It is also present in bile, and it 
may separate out from this toform calculi, A variety of cholesterol, 
called isocholesterol, is found in sebum and lanolin (purified wool 
fat), and another coprosterol is found in the feces. 


Preparation of Cholesterol from Gall-Stones.—The gall-stones are finely ground 
and boiled with 95 per cent. aleohol. The alcoholic extract is filtered hot and 
allowed to cool, when crystals of cholesterol separate out and can be filtered 
off, preferably with suction, using a perforated porcelain plate fitted in a 
glass funnel and covered with a disc of filter paper. The crystals are washed 
with a little cold aleohol, and may be re-crystallised from hot alcohol. 


Cholesterol is recognised by a number of colour reactions, of 
which the most important are the following :— 

ExpERIMENT IX. Place some cholesterol crystals on a micro- 
scopic slide, distribute them with a glass rod, and examine 
under the microscope ; or better, dissolve some in absolute alcohol, 
place a drop of the solution on a slide, and allow it to evaporate. 
The crystals are colourless, glancing rhombic plates having usually 
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a square piece removed from one corner (Fig. 176). The crystals 
give distinctive colour reactions. 

Cover the cholesterol crystals with a cover slip and allow a 
drop or so of a mixture of 5 parts sulphuric acid (cone.) and 1 
part of water to run under the cover slip. Note that the edges of 
the crystals become red. Now run in a drop of iodine solution 
and a play of colours results (brown, violet, blue, etc.). 

Other colour reactions can be obtained with solutions of 
cholesterol. 


5g a 
eel oars. 


Fig. 176.—Crystals of cholesterol x 300. 


EXPERIMENT X. Dissolve some cholesterol crystals in a few c.c. 
of anhydrous chloroform, and add an equal volume of sulphuric acid 
(conc.). Shake gently. On settling, it will be seen that the chloro- 
formic solution becomes coloured blood red and afterwards purple, 
and the sulphuric acid shows a green fluorescence. If the chloro- 
form solution be moistened with water, as by pouring it into a 
moistened test tube, the colour disappears. (Salkowski’s reaction.) 

EXPERIMENT XI. Dissolve some cholesterol in anhydrous acetic anhy- 
dride, and, after cooling, add some sulphuric acid (cone.). A play of colours 
results. (Liebermann’s reaction.) 
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CHAPTER VIII 
DIGESTION IN THE MOUTH AND STOMACH 


Saliva 


The salivary glands—parotid, sublingual and submaxillary— 
along with the numerous isolated gland acini scattered in the buccal 
mucosa, pour into the mouth a secretion known as saliva. The 
average composition of this mixed saliva is as follows :— 

Water . 4 5 . . : . 99-42 per cent. 
Organic matter ; ‘ 5 . ; : 0:36 oe 
Mucus and epithelial cells. Ptyalin and soluble protein. 
Potassium sulphocyanide (KCNS). 
Inorganic matter. : : ; ; 5 0-22 xe 
Chlorides, phosphates, and carbonates of alkalies and alkaline earths. 

It is, therefore, a very dilute secretion (specific gravity about 
1,005). 

The total secretion during twenty-four hours amounts to about 
the same as that of the urine, i.e. 1,500 c.c. 

Collect some saliva in a test tube, and perform the following 
reactions with it :— 


I. To Identify the Various Constituents. 

ExpPEeRIMENT I. Place a drop of saliva on red litmus paper; a 
blue stain results. The reaction may, however, become acid where 
decomposition is taking place in the mouth, as is the case in 
decaying teeth. 

Experiment II. Place a drop of saliva on a slide, cover and 
examine under the microscope: two kinds of cells will be seen, 
viz. (1) large, flat, squamous cells, which have been desquamated 
from the surface of the stratified epithelium of the mouth; (2) 
small round cells like leucocytes, which come either from the 
salivary glands or from the tonsils. 

ExreRImMent III. Place some saliva in a test tube and dilute 
it with an equal quantity of water ; now add a few drops of 10 per 
cent. acetic acid, when a stringy precipitate of mucus will form. 
Filter off this precipitate, and note that the filtrate is watery, 
showing that the viscid character of saliva is due to the mucus 
which it maintains. ‘To the filtrate add a few drops of Millon’s 
reagent and boil. Protein is present. 

EXPERIMENT IV. Add to a small quantity of saliva on a white 
porcelain tile or in a test tube a drop of a weak solution of ferric 
chloride (Liq. Ferri. Perchlor. B.P.) acidified with hydrochloric acid. 
A red colour is sometimes produced. This is due to the production 
of ferric sulphocyanide by interaction between the ferric chloride 
and a sulphocyanide which is contained in saliva. The red colour 
is discharged by adding a few drops of a solution of mercuric 
chloride (1-1,000). A more sensitive way of performing this test 


* The secretion of saliva may be stimulated by inhaling acetic acid through 
the mouth, or by chewing rubber. 
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is to place a drop of saliva at one end of a piece of filter paper, and 
then to allow a drop of ferric chloride solution (acidified with HCl) 
to spread to the edge of the saliva drop; adeep red stain will result 
where the two moistened areas meet. 

EXPERIMENT V. If some saliva be allowed to stand for an hour or s0, it 
becomes milky or a thin surface film forms on it. This is due to the precipi- 
tation of calcium carbonate, which exists in fresh saliva in a soluble state as 
calcium bicarbonate. On standing exposed to the air, however, carbonic acid 
gas is given off, in consequence of which the bicarbonate changes into car- 
bonate, which is insoluble. A similar precipitation of calcium carbonate, 
carrying with it a certain amount of calcium phosphate, sometimes occurs in 
the ducts of the glands and leads to the formation of calculi, or it may form 
on the teeth, where it leads to the formation of tartar. 

Il. To Study the Action of the Ferment Ptyalin. 

EXPERIMENT VI. Place a few cubic centimetres of a 0-5 per cent. 
solution of starch in two test tubes, a and b. To b add about an 
equal amount of saliva, and place both a and b in the water-bath 
at 37°-40°. Note that in a very few minutes the solution in b 
loses its opalescence and becomes clear. By means of glass rods 
transfer drops from each solution, about once a minute, to a white 
slab or dry evaporating dish, and add to each drop a little iodine 
solution. In the drops from the test tube b the blue colour 
becomes at first purplish and then reddish brown, and ultimately 
disappears. When this stage has been reached, apply Trommer’s or 
Fehling’s test to the contents of the test tube, and note that reduc- 
tion occurs. In the case of a the blue colour persists throughout 
and no reduction occurs on boiling with Fehling. 

The first effect of ptyalin on starch is to convert it into so-called 
soluble starch (sometimes called amylodextrine). This gives a clear 
solution with water and a blue colour with iodine. Then erythro- 
dextrine giving a red brown colour with iodine ; achrod-dextrine, 
which gives no colour with iodine, and finally maltose, which re- 
duces Fehling’s solution, isformed. During each step in the break- 
down a certain amount of maltose is formed. This is small in 
amount at first but becomes progressively more and more with each 
successive dextrine formed. 

EXPERIMENT VII. Place some 0:5 per cent. solution of starch in 
the mouth. After about two minutes transfer it to a test tube 
and test its reducing power. Repeat this experiment with a 
suspension of unboiled starch. 

EXPERIMENT VIII. Repeat experiment VI (1) with saliva 
which has been boiled ; (2) with saliva and starch kept in a test 
tube surrounded with ice ; (3) with saliva and starch in a test tube 
immersed in boiling water; and (4) with saliva and starch to 
which a drop of mineral acid or strong caustic soda has been added. 
(These same experiments may be repeated with pepsin and trypsin.) 


Gastric Juice 


Acidity of Gastric Juice—In marked contrast to most of the 
other fluids of the animal body, gastric juice has a strong acid 
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reaction towards all indicators. In disease alterations may take 
place in the degree and nature of the acidity of gastric juice and 
these variations may have a diagnostic value. 

Acidity from a chemical standpoint is invariably due to the 
presence of excess of hydrogen ions in the solution. For the pre- 
sence of these hydrogen ions, one or other of three general causes 
may be responsible, viz. the presence of free mineral acid, free 
organic acid, and acid salt. The acidity in each case is in direct 
proportion to the dissociation of the acid in watery solution, being 
greatest for mineral acid. One of the first questions, therefore, 
to be answered is: to which of the above causes is the presence 
of hydrogen ions in gastric juice due? The question is most simply 
answered by the use of indicators, for it has been found that the 
behaviour of these varies with the nature and cause of the 
acidity. (See also p. 389.) 

Is the acidity due to a free acid or to an acid salt ? Congo red is 
the most useful indicator for this purpose. 

EXPERIMENT I. To a 0-2 per cent. HCl solution add a few drops 
of congo red solution: 1 the red turns to blue. Repeat with a 
dilute solution of acid sodium phosphate (NaH,PO,)—no blue 
colour develops. Instead of using a congo red solution, pieces of 
congo red paper prepared by dipping filter paper in a congo red 
solution and drying may be employed. Show that acid sodium 
phosphate solution reacts acid towards litmus or phenolph- 
thalein. 

The result with congo red indicates that the acidity is due to 
free acid, and that it is almost certainly mineral acid as organic 
acids, except in very strong solution, do not affect congo red. 

To trace further the cause of the acidity, use is made of several 
indicators whose behaviour towards dilute organic and combined 
mineral acids is quite different from that occurring in the presence 
of free mineral acid. The most important of these indicators are 
employed in the following experiments, which should be performed 
with hydrochloric acid solution, 0-1 and 0-01 per cent. solution, and 
with lactic acid in 1 and 0-01 per cent. solution. 

EXPERIMENT II. Giiinzberg’s Test—Place a few drops of the re- 
agent (a solution of 2 parts phloroglucin and 1 part vanillin in 30 
parts 95 per cent. alcohol) in an evaporating basin, and add a few 
drops of the liquid to be tested. Slowly evaporate to dryness. 
With dilute hydrochloric acid a red colour develops, with lactic 
acid no colour. If the mixture be overheated a brown colour 
develops even in the absence of hydrochloric acid. 

ExpErmmMent III. T'pfer’s Test —Add 1-2 drops of the di- 
methylaminoazo-benzol reagent? to some of the solution to be 
tested. If this contain free mineral acid a pinkish red colour 


* Congo red solution—dissolve 0-5 gm. of congo red in 100 c.c. of 10 per cent. 
alcohol. 

* Dissolve 0:5 grm. dimethylaminoazo-benzol in 100 ¢.c. 95 per cent. 
alcohol. 
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develops. Organic acids, even when quite dilute, will also give a 
faint red colour with this reagent. 

It will be found, as a result of these experiments, that the reactions 
obtained with the hydrochloric acid solutions resemble those of the 
stronger lactic acid solution, except in the case of Giinzberg’s 
reaction. This reagent gives a positive result with hydrochloric 
acid diluted to 1 in 10,000 parts. The Toépfer reaction with 0-2 
HCl is also quite distinguishable from those given by lactic acid 
solutions of the above strengths, but in greater dilutions of HCl 
the distinction is by no means so definite. 

If the contents of the stomach (removed by a stomach tube (see 
p. 274, Einhorn method) or through a fistula) be tested with any of 
the above reagents some three hours after an ordinary meal, results 
like those obtained with the HCl solutions will be obtained. This 
is taken as evidence of the presence of free hydrochloric acid. 

Although in certain diseases where there is deficient secretion of 
hydrochloric acid, if the reaction of the stomach contents be 
tested, it will be found strongly acid to litmus, and if, moreover, 
the degree of this acidity be estimated (by the method described 
below), it may be found even higher than that of normal 
gastric contents. It can readily be shown by the application of the 
indicator tests (especially Giinzberg’s), that the acidity is not due 
to free hydrochloric acid. This leaves, as its possible causes, 
hydrochloric acid combined with protein, acid salts, and organic 
acids. Since it is known that bacteria may produce organic acids, 
especially lactic acid, this acid should be looked for. 

A simple presumptive test for the presence of lactic acid especially 
in the absence of hydrochloric acid is that of Uffelmann. Add to 
about 5 c.c. of Uffelmann’s reagent! a drop or two of the solution 
suspected to contain lactic acid. If it be present the violet 
coloured Uffelmann reagent turns canary yellow. Hydrochloric 
acid discharges the violet colour. If both lactic and hydrochloric 
acids be present, they must be separated by shaking the solution, 
or gastric contents with ether (5 c.c. with 30 c.c. ether) in a separat- 
ing funnel. Lactic acid is soluble in ether whereas hydrochloric 
acid is not. If the yellow colour is still given by the ethereal solu- 
tion, it may be presumed that lactic acid is present. This can be 
confirmed by the thiophene test. 


A much more sensitive and characteristic test for lactic acid is the thio- 
phene test of Hopkins’, which is applied as follows : 

EXPERIMENT IV. Extract the stomach contents with ether, evaporate off 
the ether, to the residue add 5 c.c. concentrated sulphuric acid, and transfer 
to a dry test tube. Add 3 drops of a saturated solution of copper sulphate, 
mix, heat the mixture in a boiling water bath for two minutes. Cool under 
the tap, and add 2 drops of a 0-2 per cent. alcoholic solution of thiophene and 
shake. Replace the tube in the boiling water bath. A cherry red colour will 
develop if lactic acid is present. Examine the solution frequently during 
the heating as prolonged heating causes the solution to become very dark. 


1 Uffelmann’s reagent 50 c.c. of 4 per cent. carbolic acid to which a drop 
of liq. ferri perchloridi is added. 
T 
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The lactic acid is produced by the action of the bacillus acidi lactici and other 
organisms on sugars (see Milk, p. 373). 

CyoH 2201 + H,O = 4C;H,O; 
Lactose. Lactic acid. 

The fermentation process seldom stops at the production of lactic acid. 
Other bacteria act on the lactic acid and produce butyric acid, carbon dioxide 
gas, and hydrogen. 

4C,H,O, = 2C,H,0, + 4CO, + 4H, 
Lactic acid. Butyric acid. 

These gases accumulate in the stomach, causing flatulence. The presence 
of butyric acid usually reveals itself by the odour of the gastric contents. 
When its presence is doubtful, boil a portion of the fluid and hold a strip of 
blue litmus paper in the steam. If this turns red, it indicates a volatile acid 
(butyric or acetic). Butyric acid has a characteristic odour. 

Acid phosphates (NaH,PO,) when present in gastric contents are demon- 
strated by mixing calcium carbonate with a portion of the fluid. If an acid 
reaction still remains towards litmus paper, acid phosphates must be present, 
since the calcium carbonate will have combined with the free acids. 

In the clinical examination of the stomach contents numerous methods have 
been introduced for the purpose of estimating the total acidity, the total amount 
of hydrochloric acid, and the amount of free (uncombined) hydrochloric acid 
contained therein. A brief outline of one of the most useful is given below. 

One of the most satisfactory methods of collecting gastric juice is by using 
the modification of the Einhorn tube introduced by Ryle.! This consists of 
a rubber catheter tubing, having a thick wall and a blind lower extremity into 
which is inserted a small oval weight of lead. Immediately above the weight 
four holes are punched in the rubber. The tube is marked at intervals corre- 
sponding with the distance from the teeth to the cardia, the fundus and the 
pylorus respectively. 

The subject takes the tube between his finger and thumb at a point about 
four inches above the bulb, and then, with head half tilted back, drops the 
bulb to the back of the tongue and swallows, not forgetting to ‘‘ pay out ”’ the 
tube simultaneously. Once the bulb is gripped by the esophagus the sub- 
ject’s head can be brought forward to the normal position. He should 
swallow, without haste or anxiety, at intervals of from six to ten seconds, 
breathing deeply and quietly through the nose all the while. (If there is any 
inclination to retch the subject should close his lips on the tube and draw 
three very deep breaths through the nose and then swallow again.) Once the 
bulb is safely past the level of the cricoid the tube is propelled downwards by 
csophageal peristalsis and little voluntary effort, other than paying out the 
tube by hand, is necessary. The tube should be swallowed until the fundus 
mark lies just within the teeth. 

When the tube is in position the whole of the ‘‘ resting-juice ”’ is withdrawn 
from the stomach by gentle suction with a 20 ¢c.c. syringe. The amount 
withdrawn is noted. (If in the middle of the withdrawal bile appears, the 
bile-stained and non-bile-stained portions should be measured separately, as 
the bile-stained sample is almost certainly merely a reflux from the duodenum 
due to suction.) 

The test meal, consisting of gruel,* is then swallowed at a comfortable rate, 
the tube being held to the corner of the mouth. At intervals of fifteen 
minutes thereafter 10 c.c. samples of the gastric contents should be withdrawn. 
The appearance of frothy or bile-stained specimens of small bulk usually 
indicates approaching emptying of the stomach. Emptying is judged to be 
complete when no more secretion can be obtained even on lowering or partial 


1 Supplied by Messrs. Down Brothers, London. 

2 This consists of two tablespoonfuls of breakfast oatmeal stirred into one 
quart of water and boiled slowly down to one pint. The resulting gruel is 
strained through muslin, a little salt is added to taste and the meal taken 


warm. The gruel should be of such a consistency as to pour with moderate 
ease. 
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withdrawal of the tube. Strong suction should never be exerted in the 
terminal stages of the test. 

As a rule it suffices to determine only the free and the total acidity on 5 c.c. 
of each specimen. The whole specimen, and not a filtrate, is titrated. 

The time required for the actual disappearance of the meal is determined 
by the addition of iodine to the residue in the test tubes used for collecting 
the various specimens. Gruel is sometimes found to have disappeared before 
the stomach is completely empty. (See Bennett and Ryle, Guy’s Hospital 
Reports, 1921.) 

1. Total Acidity—A measured quantity (10 c.c.) of gastric contents is 
mixed in an Erlenmeyer flask with ten times its bulk of distilled water. Two 
or three drops of a solution of phenol-phthalein are added, and the solution is 
titrated with N/10 caustic soda solution until a faint pink colour is just 
obtained. The number of c.c. of alkali required is noted. 


2. Free Hydrochloric Acid——Titrate another 10 c.c. sample as above using 
4 drops of a 0:5 per cent. alcoholic solution of dimethylaminoazo-benzol as 
indicator. The end point is reached when the red colour changes to yellow. 


3. Total Free Acid.—Titrate still another 10c.c. sample of the gastric contents 
using 3 drops of a 1 per cent. aqueous solution of alizarin red as indicator. 
The end point is the change of the yellow colour to red violet. 

Phenolphthalein titration (1) gives the total acidity of the juice. 

Dimethylaminoazo-benzol titration (2) gives the free hydrochloric acid. 

Alizarin red (3) reacts with all but the combined acidity. 

Therefore : 


1 = total acidity. 
2 = free hydrochloric acid. 
3 = all acidity less combined. 
(1-3) = combined hydrochloric acid. 
(1-2) = combined hydrochloric acid, organic acids and acid salts, 


(1-2)-(1-3) = organic acids and acid salts (probably chiefly acid phosphates) 

The number of c.c. N/10 NaOH required for each 10 c.c. of gastric juice 
for neutralisation multiplied by 0-0365 (as 1 c.c. N/10 alkali equals 0:00365 
grm. HCl), gives the acidity for 100 c.c. gastric Juice in grms. HCl. 

Total hydrochloric acid may also be determined as follows :—10 c.c. of 
filtered gastric contents are placed in a platinum basin and evaporated to 
dryness on the water bath. The dish is then heated to a low red heat, so that 
charring is complete, but the resulting carbonaceous material is not burnt up. 
The mineral chlorides alone are left in the basin. The contents of the basin are 
rinsed by means of hot distilled water through a funnel into a 100 c.c. measuring 
flask. The flask is cooled, 5c.c. nitric acid and 20 c.c. N/10 silver nitrate solution 
are added, and the contents made up to 100 c.c. The amount of silver nitrate 
used in precipitating the chloride present is then determined by Volhard’s 
method (see p. 332). A similar experiment is performed with the same 
volume of the gastric contents, to which a slight excess of sodium carbonate 
solution is added before evaporation, and again the amount of silver nitrate 
used in precipitating the chloride determined. The first experiment gives the 
mineral chloride present, equivalent, say, to 5 c.c. N/10 silver nitrate. The 
second experiment gives the total chloride, equivalent, say, to 10 c.c. 
N/10 silver nitrate. The difference gives the volatile chloride, that is, the 
hydrochloric acid free and combined with protein. In the hypothetical case 
thisis 10—5 = 5c¢.c. N/10 silver nitrate. The gastric contents, therefore, 
0-365 x 5 

10 

Normal human gastric contents obtained after a meal containing very little 
protein usually contain about 0-15 per cent. total hydrochloric acid. This 
hydrochloric acid determination is of value, as it is the best measure of the 
secretory activity of the gastric mucous membrane in pathological conditions. 

The Organic Matter.—If pure gastric juice be cooled to 0°C., a precipitate 
falls down. On analysis, this precipitate is found to have nearly the same 
percentage composition as protein ; and on testing its action on a solution of 


contain per cent. total hydrochloric acid. 
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protein, it isfound to contain pepsin. Pepsin of similar composition can also 
be prepared by saturating gastric juice with ammonium sulphate, which 
precipitates it. The methods employed for obtaining ferment from the 
gastric mucosa after death yield a still more impure product, on account 
of the ferment adhering to the proteoses, etc., which are always present in 


the final precipitate. 

Prior to its secretion, pepsin exists in an inactive form as granules in the 
gland cells of the stomach mucosa. This precursor or zymogen is called 
pepsinogen. It differs from pepsin in that alkali does not destroy it, whereas 
alkali destroys pepsin. 


The most favourable conditions for the action of pepsin may be 
studied in the test tube as described in the following experiments :— 


The Action of the Gastric Juice—The most convenient protein for 
studying the action of pepsin is blood fibrin which has been very 
thoroughly washed with boiling acidulated water so as to remove 
allimpurities. Cubes of coagulated egg white may also be employed, 
but they digest more slowly than fibrin. 

EXPERIMENT V. Label six test tubes A, B, C, D, H, F, and 
place a small piece of fibrin in each. Half fill A with water, B 
with 0-2 per cent. HCl, C with water and a few drops of peptic 
extract, D with 0-2 per cent. HCl and a few drops of peptic extract,+ 
E same as D, but boil the mixture, and /' with 1 per cent. sodium 
carbonate solution and a few drops of the peptic extract. 

Place all these in a water bath kept at body temperature 
(37-38°). Observe that in A and C the piece of fibrin remains 
unchanged, whereas in B, D, and EL, which all contain 0-2 per cent. 
HCl, it becomes swollen and transparent. In F’, which contains 
alkali, it does not swell. 

Exprrerm™ent VI. After about half an hour, remove a sample of 
the contents of any of the tubes containing acid, colour it faintly 
by the addition of a drop or two of litmus or phenol red solution, 
and then carefully neutralise with weak sodium carbonate solution 
(1 part 1 per cent. sodium carbonate + 2 parts of water). A pre- 
cipitate of acid meta-protein is usually produced (for reactions, see 
proteins, p. 247). 

A simple way to detect the presence of pepsin in a solution is 
to add to some of the solution a small piece of carmine-stained 
fibrin. Adjust the degree of acidity and allow digestion to take 
place. If pepsin be present the carmine will be liberated and will 
colour the solution. 

EXPERIMENT VII. Remove a sample of the contents of D and 
apply the following tests: (a) The Biuret reaction—rose-pink 
colour ; (6) Add nitric acid (conc.)—white precipitate, which clears 
up on heating and returns on cooling; (c) Add a few drops of a 
saturated solution of salicyl-sulphonic acid. A white precipitate 
results which disappears on heating and returns on cooling. These 
results show that proteoses have been produced (see p. 248). 

Gastric juice can also curdle milk. This action is usually attri- 


Use larger quantities of fibrin and fluid in this test tube, because the 
products of digestion will be required for succeeding experiments. 
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buted to the ferment rennin, but it is probable that rennin and 
pepsin are identical, as proteolytic ferments always have a rennin 
action, and the proteolytic activity of a given ferment is propor- 
tional to its rennin activity. 

EXPERIMENT VIII. Prepare five test tubes, a, b, c, d, e. Into 
all put about 5 c.c. milk, then to (a) add 5-10 drops of a solution 
of rennin, to (6) 5-10 drops rennin which has previously been 
boiled, to (c) 5-10 drops rennin + 5 drops 0-2 per cent. potassium 
oxalate solution, to (d) 5-10 drops rennin + 5 drops 0-2 per cent. 
potassium oxalate solution ++ 3-4 drops 5 per cent. calcium chloride 
solution, and to (e) 5-10 drops rennin + 5 drops 0-2 per cent. 
potassium oxalate solution, after standing ten minutes at 40° C. 
heat to boiling, cool and add calcium chloride solution. Shake test 
tubes a, b, c, d well and place in a water bath at 40° C. for five 
to ten minutes. Tube e treat as directed. 

Tube (a) clots, (b) no clotting, (c) no clotting, (d) clots, (e) clots. 
Rennin and calcium salts are therefore necessary for the curdling 
of milk. Further, although rennin alone cannot clot caseinogen, 
yet as test tube e shows it produces some change in the caseinogen 
which is completed by addition of a calcium salt (see Milk, p. 373). 


CHAPTER IX 
DIGESTION IN THE INTESTINE 


Pancreatic Digestion.—In studying the digestive action of this 
juice we may employ, as in the case of gastric digestion, an extract 
of the gland. This extract may be made with glycerine, or prefer- 
ably water, after activation of the zymogens present in the minced 
tissue by means of a small amount of intestinal mucosa scrapings. 

There are three active ferments in pancreatic juice, one proteo- 
lytic—trypsin; one amylolytic—amylopsin or diastase; one 
lipolytic—steapsin or lipase. 

Trypsin.—Like pepsin, this ferment hydrolyses protein, and leads 
to the production of proteoses and peptones. In this case, however, 
digestion is more complete. Under suitable conditions the proteoses 
and peptones can disappear entirely, polypeptides and amino acids 
resulting ; the ultimate decomposition products are, in fact, almost 
the same as when a strong acid is used as the hydrolysing agent 
(see Proteins, p. 246). 

ExpERIMENT I. A solution of pancreatic extract in 1 per cent. 
sodium carbonate is prepared (Liq. Pancreaticus (Benger), diluted 
thirty times with 1 per cent. sodium carbonate solution). In order 
to study the action of this on proteins, add to it a piece of fibrin 
which has been soaked over night in 1 per cent. sodium carbonate 
solution, and place in a water-bath at body temperature. 

The following points of difference may be noted between this 
and the peptic digestion of fibrin: (1) The reaction is alkaline ; 
(2) there is no preliminary swelling of the fibrin; it is gradually 
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eaten away (erosion) ; (3) when the piece of fibrin has nearly dis- 
appeared remove a sample of the digest, and neutralise with weak 
acetic acid. A precipitate of alkali meta-protein results (for 
Reactions, see p. 247). 

Apply to another sample the tests for proteoses and peptones, 
and note that they are positive.? 

Experiment II. If the pancreatic extract in Experiment I be 
boiled before the fibrin is added, no digestion will result. The 
digestive agent is, therefore, a ferment which is destroyed by heat. 

EXPERIMENT III. Repeat Experiment I, making the reaction 
acid by means of hydrochloric acid. Note that, although the fibrin 
becomes swollen up—as this depends on the acid, not on the fer- 
ment—no formation of proteoses or peptone occurs. The trypsin 
cannot act in acid medium, being destroyed in this reaction. 

Trypsin can carry digestion further than pepsin. Allow a digest 
with a few drops of toluol added as antiseptic to goon for twenty- 
four hours or longer. Filter and evaporate to small bulk some of 
the filtrate. Take a drop of this concentrated filtrate and allow 
it to dry on a microscopic slide ; examine the crystals of leucine 
and tyrosine present, noting that the former consist of round balls 
frequently with concentric markings and yellowish in colour, whereas 
the latter are usually grouped into sheaves of needles (see Fig. 177). 
Test the filtrate for protein by the biuret test. Also test it by 
adding some drops of chlorine or bromine water. Note the red 
colour which results due to the presence of tryptophan. 


Diastase. The old name for pancreatic diastase is Amylopsin. 
This ferment acts on starch in a way similar to ptyalin, i.e. it 
converts starch into dextrines and maltose. It can act on unboiled 
starch. 

EXPERIMENT IV. Take four test tubes a, 6,c and d. Into a 
place 5 c.c. of a suspension of starch; into the other three tubes 
put 5 c.c. of boiled starch solution. Add to a, 6 and ¢ a few drops 
of pancreatic extract (glycerine extract is good) and to d a similar 
amount of boiled pancreatic extract. Add to tube c in addition 
a trace of sodium chloride. Place all four tubes in a water-bath 
at 40°C. Remove drops from time to time and test on a porcelain 
slab with iodine until no colour is given. Perform Fehling’s test 
eventually on the contents of all the test tubes. 

Lipase.—The old name for pancreatic lipase is Steapsin. This 
ferment breaks down neutral fat into fatty acids and glycerol 
(see p. 265). 

Experiment V. Take two large test tubes and into each place 
about 10 c.c. of neutral cream (i.e. cream to which a few drops of 
an alcoholic solution of phenolphthalein has been added, and then 


ne NaOH until a definite red colour appeared). Add to one test 
tube a few drops of fresh watery pancreatic extract and to the 


1 No primary proteose is formed by tryptic digestion ; there is, however, a 
considerable amount of secondary proteose (see p. 247). 
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other a few drops of boiled extract ; then make the contents definitely 
alkaline, if necessary, by afurther addition of N/10 NaOH. Place 
both tubes in a water-bath at 40° C. and note rate at which the 
red colour disappears due to the liberation of fatty acid. This 
method may be made roughly quantitative by noting the amount 
of alkali required to neutralise the fatty acid formed. 


Fic. 177.—Crystals of leucine and tyrosine. x 500. 


CHAPTER X 
THE BILE. BACTERIAL DIGESTION 


Composition of Human Bile.—In I the bile was obtained from the 
gall bladder: in II the bile was obtained from a fistula. 


100 parts contain— I II. 


Water ; ; 4 ‘ 5 ; F . us 

Solids . ; : ; F , 5 é e 
Bile salts 3 ‘ j 9 es 
Mucin and bile pigment. 3 nee 
Cholesterol i : 0 ‘9 ‘ e 
Lecithin and fat ys Beas 


Inorganic salts 
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Besides these, bile also contains traces of soaps, fats and urea. 
Compounds of glycuronic acid have also been found in bile. 

Exprrmment I. Examine some ox bile. Note that it has a 
greenish colour, a peculiar musk-like odour, a bitter-sweet taste, a 
faint alkaline reaction to litmus paper, and that it is of a slimy 
consistency. 

ExpeRImMent II. If a few drops of weak acetic acid be added to 
a few cubic centimetres of bile, a stringy precipitate is produced. 
This consists in certain animals (ox) of nucleo-protein, in others 
(man) of mucin. Filter off this precipitate, and note that the filtrate 
has lost its slimy character. Boil the filtrate; no coagulum is 
produced, therefore bile contains no native protein. 

So far as can at present be ascertained,’ the amounts of pigment 
and of bile salts do not bear a quantitative relationship to one 
another, so that it is improbable that they are both derived from 
the same source. 


The Chief Bile Salts are two in number, the sodium salts of 
glycocholic (C.,H,;0,N) and taurocholic acids (C,,H,;0,NS). 
The two acids are closely related as on hydrolysis both yield cholalic 
acid (Cj,H,,O;). In the first instance it is combined with amino- 
acetic acid—glycine, in the other with aminoethyl-sulphonic acid 
—taurine. 

Experiment III. Test another portion of the bile for bile salts 
by Pettenkofer’s reaction. 'To do this place a drop of bile in a small 
evaporating dish, and move this about so that a thin film of the 
bile is produced. Now add to the film a very small drop of a con- 
centrated watery solution of cane sugar, and then a few drops of 
concentrated sulphuric acid. A purple colour is produced, which 
can be intensified by warming. Or it may be more simply carried 
out by shaking a dilute bile solution to which a small quantity of 
cane sugar solution is added until the test tube is half full of froth. 
A few drops of concentrated H.SO, are carefully run down one side 
of the test tube: froth at place of contact becomes purple. 

This pigment shows absorption bands in the spectrum. The chemistry of 
this reaction is that the sulphuric acid acts on the cane sugar to produce a 
body called furfuraldehyde, which then reacts with the cholalic acid of the 
bile salts to produce the pigment. Where only traces of bile salts are present, 
the test may be made more delicate by using a solution of furfuraldehyde 
(1 in 1,000) instead of cane-sugar. 

Exprerment IV. Hay’s Sulphur Test—If a small pinch of 
powdered sulphur be sprinkled on the surface of bile, or of a 
solution containing bile salts, it will sink to the bottom of the vessel ; 
whereas with most other fluids it remains floating on the surface. 
This reaction depends on the fact that bile salts lower the surface 
tension of fluids in which they are dissolved. For comparison 
repeat this test with water. 


The Bile Pigments are bilirubin and biliverdin. The former is 
most abundant in bile of carnivorous, and the latter in that of 
herbivorous animals. They are detected by Gmelin’s test, the play 
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of colour following the gradual oxidation of the pigments by means 
of nitrous acid.! 

EXPERIMENT V. Dilute some ox bile with an equal volume of 
water. Hold the test tube as nearly horizontal as possible, and 
allow some fuming nitric acid to run down it, so that this formsa 
layer under the bile. Where the two fluids are in contact, a play 
of colours is produced. This test can be rendered still more delicate 
by filtering a little diluted bile through white filter paper, then 
removing and opening out the filter paper and placing a drop of 
fuming nitric acid on it. 


Bilirubin is the least oxidised bile-pigment, and its empirical formula is 
C3,H3gN,0,. If we compare this with the formula of hematin—C,,H ,,N,0,Fe 
—we see that it must be from this body that it is derived, the change being 
the abstraction of iron and the addition of two molecules of water. This is 
also the formula of iron-free hematin or hematoporphyrin, and of hematoidin, 
a pigment which crystallises out in old blood clots in the tissues. Although 
the same empirically, these bodies vary somewhat in their physical behaviour 
and neither of them gives Gmelin’s test, so that we may assume that they have 
different constitutional formule. 


EXPERIMENT VI. Bilirubin can be extracted from pigmented 
gall-stones. The gall-stones are ground to a rough powder and 
extracted by heating with 95 per cent. alcohol, to which a few drops 
of strong hydrochloric acid have been added. (The acid is necessary 
to decompose the compound of bile pigment with calcium present 
in the stones.) The coloured extract is then cooled. The crystals 
of cholesterol, which separate, are filtered off, washed with alcohol 
and examined (see p. 269). ‘The filtered extract is placed in a 
dish, and pure nitric acid run in, drop by drop, when a brilliant 
Gmelin’s test is obtained. 


EXPERIMENT VII. Place some bile in a test tube, and add one or two 
crystals of cholesterol to it and gently warm. The cholesterol dissolves. 
Before doing this show that the crystals will not dissolve in water. 


Inorganic Salts.—These are chiefly sodium carbonate and disodium 
hydrogen phosphate. 

The Uses of the Bile in Intestinal Digestion.—(1) It is an alkaline 
fluid, containing a viscid substance (mucin, etc.) and bile salts 
which markedly lower surface tension ; consequently, it assists in 
the emulsification of fats. The bile salts, by acting as co-enzyme 
for pancreatic lipase, aid the digestion of fats. pes 

Exprerment VIII. Shake up some rancid oil with bile in a test 
tube. Notice that a very stable emulsion is formed (see Fats, 

1 207)5 
4 (2) ti causes a precipitate when added to an artificial peptic 
digest. 

ia IX. Add some bile to a sample of a twenty-four 


1 This test depends on the various colours of the oxidation products of 
bilirubin. The first oxidation product is biliverdin (green); the next bili- 
cyanin (blue) ; the next bilipurpurin (purple) ; and, finally, choletelin which 
is yellow, 
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hours’ peptic digestion of egg-white. A precipitate of proteins is 
produced. 


Bacterial Action—The conditions necessary for bacterial growth are very 
favourable in the intestine. As a result of their growth, bacteria decompose 
the food-stuffs and lead to the production of products in many cases the same 
as those of the digestive juices, in other cases of a different nature. In the 
small intestine the bacteria which are most active are those acting on carbo- 
hydrates, whereas in the large intestine these are largely replaced by bacteria 
acting on protein. 

Their action on proteins leads to the production of proteoses, peptones, 
and amino acids, etc. So far their action corresponds to that of trypsin, 
but they digest farther and produce a multitude of simple degradation pro- 
ducts, such as ammonia, fatty acids, carbonic acid, etc., as well as a group of 
substances belonging to the aromatic series. 

The aromatic bodies are arranged in two groups. The one contains phenol 


C,H;OH and its methyl derivative cresol Coon These are produced 
from tyrosine, which has the formula 


OH 
CoH GH, . CH(NH,) .COOH. 
When this changes into cresol and phenol, the amino-propionic acid side-chain 
loses, first its amino group as ammonia, and then its carboxyl and methyl 
group are oxidised and given off as carbonic acid and water. 
The other group is more complex, and contains indol CH. = CH 


and its methyl derivative scatol 
7 Cs 


C,H, <ygr > CH. 


These are derived from tryptophan (p. 353). 

Anaérobic bacteria first of all act on the tyrosine and tryptophan, and 
split off from them the amino (NH,) groups as NH;. After this has been 
accomplished, aérobic organisms act on the remaining side chains yielding 
carbon dioxide and water. 

Certain of these aromatic bodies—especially scatol—have a strong fecal 
odour which they impart to the feces. Considerable proportions of them are, 
however, absorbed into the blood and reappear in the urine as indoxyl and 
scatoxylin combination with sulphuric acid and alkalis as aromatic sulphates 
(see p. 308). 

EXPERIMENT X. Preparation and reactions of Indol, Seatol and Phenol. 
Prepare an artificial digestion mixture with pancreatic extract, or minced 
pancreas, and allow it to incubate without the addition of an antiseptic, until 
it has an intense and disagreeable odour. The digest is then acidified with 
acetic acid and placed in a large flask connected with a Liebig condenser. 
Distillation is continued as long as the distillate has a marked odour. (Indol 
distils over much more quickly than scatol.) The following tests are then 
applied to portions of the distillate :— 


Indol.—l. Legal’s Test—To a few c.c. of the solution in a test tube add a 
few drops of sodium nitro-prusside solution and then ammonia till alkaline. 
A deep reddish violet colour results, which changes to blue on acidifying with 
acetic acid. 2. Add to a few c.c. of the liquid about 2 ¢.c. of each of the 
following solutions: (i) Para-dimethyl-amino-benzaldehyde 4 parts, 95 per 
cent. alcohol 380 parts, hydrochloric acid (cone.) 80 parts. (ii) Potassium 
persulphate 2 grams in 100 ¢c.c. water. A reddish pink colour results. 

Scatol.— Warm some of the solution with an equal volume of strong sulphuric 
acid. A red colour results. 

Phenol.—Boil some of the solution with Millon’s reagent. A red colour, but 
no precipitate is formed (see Estimation of Phenol in Urine, p. 337) 
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CHAPTER XI 
BLOOD 


To the unaided eye ordinary blood appears to be a homogeneous 
red fluid, but examination with the microscope shows that the red 
colour is confined to certain formed elements, the red corpuscles, 
suspended in a faintly yellow fluid, the plasma. 

EXPERIMENT. (a) Note with the aid of a microscope the dis- 
position of the colouring matter, the hemoglobin, in the red blood 
corpuscles or erythrocytes. (b) Undiluted blood appears to be an 
opaque fluid. Take two test tubes, place 5 c.c. water in one and 
an equal volume of 0-9 per cent. sodium chloride solution in the 
other and then add to each a drop of blood. The pigment dis- 
solves out of the corpuscles in the first, the mixture becoming 
transparent (laked) but not in the second. Confirm by the micro- 
scope. (c) Test the Specific Gravity. Take mixtures of chloroform 
and benzene ranging from a specific gravity of 1,040 to 1,070, 
or a series of solutions of sodium sulphate of similar range of 
specific gravities. Introduce the blood to be tested (a drop of 
blood from the finger) below the surface of the fluid by means of a 
capillary tube. Note whether the drop floats, sinks, or remains 
suspended. Note the specific gravity of the solution in which the 
drop remains suspended. (d) The reaction of the blood may be 
determined by placing a freshly-drawn drop of blood on red glazed 
litmus paper, allow it to remain for a few seconds, then wash it 
off with water. 

The Clotting of Blood.—When blood is shed it sets at first to a 
red jelly, after a time this jelly contracts and gradually squeezes 
out a pale yellow fluid, the serum. 

ExprRIMENT I. Carefully sterilise a needle, prick the finger, and 
draw some blood into a fine capillary tube. Place aside and examine 
under the microscope at the end of the lesson. 

Tn order to study the nature of the processes involved in the coagulation of 
blood, it is essential to stop clotting from taking place. This can be done in 
several ways, such as receiving blood into certain neutral salts (e.g. quarter 
volume of magnesium sulphate, equal volume of sodium sulphate), or on to 
a soluble citrate, oxalate or fluoride. Upon standing, the corpuscles will 
gradually sink, and the supernatant plasma can be pipetted off, or, preferably, 
the mixture can be centrifugalised. This plasma is called “‘salted’’ or 
“ oxalated,’’ or ‘‘ fluoride’”’ plasma and so on. 


Exprerment II. Take about 5 c.c. of salted plasma in each of 
three large test tubes, a, 6 and c, and then dilute each by the addi- 
tion of 5 volumes of water. Leave a untouched ; to b add a few 
drops of normal serum ; to ¢ a few drops of serum previously heated 
to 60°C. Place all three tubes in water-bath at 37° to 40°C. a 
and c clot about the same time, 6 clots more quickly, i.e. addition 
of normal serum hastens clotting. 
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Experment III. In each of four tubes, a, b, c and d, place 5 c.c. 
oxalated plasma. Leave a untouched ; to b add a few drops of 
serum ; and to c a few drops 1 per cent. calcium chloride solution. 
To d an equal volume of saturated sodium chloride solution, filter 
off the flocculent precipitate which forms and keep for the next 
experiment, which should be performed as soon as possible. To the 
filtrate add some calcium chloride solution. Place all four tubes 
in a water-bath as above. It will be found that a does not clot, 
that b may clot, that c clots, and that the filtrate d does not clot. 

From these experiments, we gather (1) that blood will not clot 
when the calcium salts have been removed by an oxalate ; (2) that 
serum can clot oxalated blood (that is, blood without the presence 
of calcium salts), because it contains the necessary enzyme already 
formed in it ; (3) that oxalated blood will clot when calcium is added 
to it, because with free calcium available the coagulating enzyme 
can act; (4) that the body coagulated is a protein thrown out 
of solution by half saturation with sodium chloride solution. This 
body is known as fibrinogen. It is insoluble in distilled water and 
easily thrown out of solution by saturation with salts, and, there- 
fore, belongs to the globulin class of proteins. 

Experiment IV. Quickly redissolve in water the precipitate 
obtained in Experiment III, d. The salt adhering to the precipitate 
forms a dilute saline solution, in which the precipitate dissolves. 
Test the solution obtained for protein by the colour tests. 

EXPERIMENT V. Into the bent capillary tubes provided collect some of 
your own blood, first introducing a small quantity of anti-coagulant fluid, 
preferably 10 per cent. sodium citrate, since sedimentation is most rapid 
with this solution; 1.per cent. potassium oxalate or 3 per cent. sodium 
fluoride may also be used. Having sealed off the ends, under the demon- 
strator’s supervision, hang it upon the centrifuge by the bent end. With the 
plasma so obtained, perform experiments such as those given in Experiment 
III. Sodium citrate, it will be found, acts like oxalate. This is not because 
it precipitates the calcium, but because it combines with it to form a soluble 
citrate, a salt which does not ionise (dissociate) in solution, and therefore 
leaves no calcium free to aid in the formation of thrombin. If fluoride has 
been used, it will be found that the addition of calcium salts to the plasma does 


not cause a clot to form, showing that the fluoride in some way prevents the 
formation of the enzyme from the pro-enzyme. 


Conditions which retard Clotting —(1) Cold—receive the blood into a vessel 
placed in ice (i.e. keep it at a temperature a little above freezing point). The 
enzyme action is inhibited by cold. The blood clots on warming. 

(2) Contact with blood-vessel wall.—‘ The living test tube.’’ This is made 
by ligaturing in two places a vein of a large animal, such as the jugular vein 
of the horse. In the tube thus formed the blood does not clot, and if it be 
hung up the corpuscles gradually sink to the bottom, leaving the unclotted 
plasma above. 


(3) Addition of certain neutral salts.—‘‘ Salted plasma ’’ (cf. Experiment II). 
(4) Addition of a soluble oxalate.—‘‘ Oxalate plasma ’’ (cf. Experiment ITI). 
(5) Addition of a soluble citrate.— Citrate plasma ’’ (see Experiment V). 


(6) Addition of a soluble fluoride.—‘‘ Fluoride plasma.’’ This plasma will 
not clot upon the addition of calcium (see Experiment V) 

(7) Addition of Heparin. 

(8) Addition of leech extract (Hirudin).—This is a secretion produced by the 
salivary glands of the leech, and which can be obtained by extracting the 
heads with water. It acts because it contains an antithrombin. 


. 
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(2) Stone with oil.—Receive the blood into a smooth vessel smeared 
with oil. 

(10) Intra-vitam methods.—These consist in injecting certain substances into 
the blood-vessels of the animal before bleeding it. These substances are :— 

(a) Commercial peptone, which consists mainly of proteoses. 

(B) Soap solution. 

(y) A weak alkaline solution of nucleo-protein injected slowly—the so-called 
“negative phase’’ of nucleo-protein injection. 

Peptone probably acts by causing the liver to form a large amount of anti- 
thrombin, which normally keeps blood from clotting inside the vessels. The 
exact action of nucleo-protein is not well understood. 

(11) Agitation, e.g. whipping the blood with a bunch of twigs. This is a very 
general method of keeping blood fluid when it is not desired to study the 
phenomena of clotting.} 

Conditions which hasten Clotting —(1) Body temperature. 

(2) Lhe addition of some clotted blood (clot or serum). 

(3) Contact with a rough surface (cf. effect of receiving into oil). 

(4) Addition of calcium salts. 

(5) Intra-vitam methods causing blood to clot within the vessels :— 

(a) Injury or death of blood-vessel wall. When an artery is crushed, as 
in a contused or lacerated wound, a clot forms, which acts as a natural plug to 
prevent hemorrhage. When the arterial wall undergoes degeneration a clot 
or thrombus, as it is termed, may form. Similarly, when a blood-vessel is 
ligatured the inner coat is injured, and a clot forms for a short distance from 
the ligature. This clotting is due to the liberation of thrombokinase from the 
injured tissues, causing the formation of some thrombin. That the clot does 
not extend indefinitely in the blood is due to two causes: (a) thrombin is 
adsorbed into the fibrin it precipitates ; and (b) the formation of anti-thrombin. 

(6) Rapidinjectioninto a vein of a strong alkaline solution of nucleo-protein ; 
the so-called ‘‘ positive phase’’ of nucleo-protein injection. 

Preparation of Fibrin Ferment.— Blood serum, or some defibrinated 
blood, is mixed with twenty times its bulk of alcohol. A copious white 
precipitate is obtained. Allow this to stand under the alcohol for two months. 
By this time all the other proteins present will be coagulated, except fibrin 
ferment. The fluid is pipetted off, the sediment carefully collected on a 
filter, and after the alcohol has drained off ground up in a mortar with water. 
This extracts the fibrin ferment. Filter, and keep filtrate. 


Blood Serum 

Proteins. Experiment VI. 

(a) Allow serum to drop gradually into a beaker filled with dis- 
tilled water ; a cloud forms round each drop as it mixes with the 
water. This is due to the precipitation of the globulin present, as 
there is now too little saline present to keep it in solution. 

(b) Saturate about 5 c.c. of diluted serum with crystals of mag- 
nesium sulphate ; a precipitate of globulin occurs. Filter. Show 
that the filtrate contains albumin (i) by faintly acidifying with acetic 
acid and heating in a water-bath—note the temperature at which 
the albumin coagulates (77°-79° C.) ; (ii) fully saturating the solu- 
tion with ammonium sulphate. 

_ Redissolve the precipitate of globulin in water ; faintly acidify 
and note the temperature of heat coagulation (75° C.). 

(c) To 5 c.c. of diluted serum add an equal amount of fully satu- 
rated (NH,),SO, (half saturation). The globulin is precipitated. 

1 It is important to remember that this is no longer normal blood, but 
defibrinated blood. 
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Filter and fully saturate (add solid crystals) with (NH,),SO,; a pre- 
cipitate of albumin results. 

Salts—Experiment VII. Faintly acidify about 10 c.c. of 
diluted serum by means of acetic acid and boil to coagulate the 
proteins. Filter. Test the filtrate for :— 

(a) chlorides by silver nitrate—white precipitate insoluble in 
nitric acid ; 

(b) phosphates—white precipitate on addition of ammoniacal 
magnesium citrate solution. Filter off this precipitate. Dissolve 
in nitric acid, and heat with nitro-molybdic acid—yellow precipitate ; 

(c) sulphates—white precipitate with barium chloride, insoluble 
in hydrochloric acid. 

In all three tests phosphates are precipitated, but in (a) they are 
soluble in nitric acid, in (c) they are dissolved by hydrochloric acid 
(cf. salts of urine). 

The amount of sulphate present is usually very small. This 
filtrate may also be tested for sugar by Fehling’s test. 

Blood Plasma.—<All the above bodies are present in plasma, which 
contains one substance in addition, namely, Fibrinogen. This has 
already been shown (Expt. III, d). Plasma, however, does not 
contain thrombin; serum does. 

When the function of the blood is remembered it is obvious that 
there are many bodies other than the above present in both plasma 
and serum in small quantities. Thus the blood carries the food 
materials to the tissues, and the products of metabolism away from 
them. Thereis, therefore, in addition to ammonia, small quantities 
of nitrogenous materials:—urea, uric acid, creatinine, xanthine, 
hypoxanthine, etc. ; of non-nitrogenous substances, fats, cholesterol, 
lactic and other organic acids. 


The Leucocytes or White Blood Corpuscles 


These are morphologically the same as other cells, and they 
contain the same chemical substances. The protoplasm consists 
mainly of water. The solids consist of various proteins, which 
chiefly belong to the group of compound proteins (gluco-proteins 
and nucleo-proteins), and there is also a small amount of albumin 
and globulin. The protoplasm may also contain such substances 
as glycogen, fat, mucin, etc., which have either been produced by 
the activity of the protoplasm, or which are simply deposited in 
the cell for purposes of storage or carriage. 

The nucleus seems to consist mainly of nucleo-proteins, nuclein 
and nucleic acid. The nucleo-protein of the nucleus is said to 


contain a higher percentage of phosphorus than does that of the 
protoplasm. 


The Erythrocytes or Red Blood Corpuscles 


Structurally these are said to consist of a stroma containing in its 
meshes a chromo-protein called Hemoglobin. It is, however, impos- 
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sible to demonstrate this stroma histologically, and some authori- 
ties believe that the haemoglobin is merely contained in a colloidal 
state in a protein envelope. 

Chemically they contain about 60 per cent. of water and nearly 
33 per cent. of hemoglobin, and varying amounts of lecithin, 
cholesterol, nucleo-protein and salts. 


Heemoglobin.—This is a compound protein containing 0-4 per 
cent. of iron. When decomposed by acids or alkalis it splits up 
into a protein of the nature of a histone (see p. 242) called globin 
and into a pigment called hematin, which contains all the iron. 
A pure solution of hemoglobin can be obtained by centrifugalising 
blood,! removing the serum with a pipette, shaking up the cor- 
puscles with a 0-85 per cent. sodium chloride solution 2 (which is 
nearly isotonic for the blood of the ox, horse, or man), and again 
centrifugalising. 

By this means the corpuscles are thoroughly washed free of 
serum, etc. They are then collected and treated with two or three 
times their bulk of distilled water, in this the hemoglobin dissolves, 
a deep red solution resulting. The corpuscles have become 
*“laked.”’ 

EXPERIMENT VIII. Heat carefully some hemoglobin solution. 
It decomposes at about 60° C., and the protein coagulates on further 
heating. Also test the solution for protein ; it gives several of the 
ordinary protein reactions, but in each case a splitting into protein 
and hematin simultaneously ensues. 

Besides being dissolved out by distilled water the hemoglobin 
may be set free from the red corpuscles by (i) warming to 50°C. ; 
(ii) the addition of a little ether, or of dilute ammonia solution ; 
(iii) the addition of bile, saponin, or the serum of another species 
of animal. 

That hemoglobin contains iron can be shown by the following 
experiment :— 

Exprertmment IX. Dissolve some dried blood by heating with 
strong nitric acid. Evaporate nearly to dryness in a dish. Dis- 
solve in water and add potassium sulphocyanide solution. A blood- 
red colour indicates the presence of iron. 

Crystals of heemoglobin.—These are most easily obtained from such 
animals as the rat or guinea-pig ; with more difficulty from man 
and most other mammals. 

EXPERIMENT X. Mix a drop of rat’s blood with a drop of water 
upon a slide. After several minutes examine under the microscope 
for hemoglobin crystals. 

Hemoglobin, as we have seen, is a compound protein consisting 
of two parts, the iron containing portion “ hematin” and the pro- 


1 Horses’ blood should be used for this purpose as the corpuscles sink more 
quickly than do the corpuscles of any other blood. 

2 A salt solution of this strength has the same osmotic pressure as the 
contents of the red blood corpuscle, and consequently neither swelling nor 
crenation of the corpuscle is produced. 
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tein portion “globin.” Hematin has the formula C,,H;,N,0;Fe. 
It itself does not crystallise, but a compound of hematin with 
hydrochloric acid and some other body (acetic acid, or an alcohol 
according to the method of preparation) called hemin can be 
obtained from hemoglobin, which crystallises in chocolate-brown 
rhombic plates. This forms one of the chemical tests for blood. 
Experiment XI. Preparation of Hemin Crystals.—Place a drop 


Fig. 178.—Hemin. x 1,500. 


of blood upon a glass slide and warm until dry. Scrape loose the 
brown residue, add one or two small crystals of sodium chloride 
a little glacial acetic acid, cover with a cover glass and warm very 
gently until bubbles form. Remove from flame. If necessary add 
a little more acid, and warm again till bubbles form. Repeat 
the operation two or three times. When cold examine with micro- 
scope for the dark-brown hemin crystals (Fig. 178). 

Bromide or iodide may be used instead of chloride, yielding a 
hemin with a corresponding change in composition. 


ELEMENTARY CHEMICAL PHYSIOLOGY 289 


The benzidine test (p. 348) and also the formation of haemo- 
chromogen (p. 294) may be usefully employed as tests for blood. 
_ Another chemical test for blood depends upon the fact that the 
iron containing portion of the hemoglobin will, in the presence of 
such oxidising agents as hydrogen peroxide, or old “ ozonised ” 
turpentine, convert a coloured body like tincture of guaiac (brown) 
to another coloured derivative (blue). 

EXPERIMENT XIT. Boil some diluted blood. Add 2 drops of 
tincture of guaiac (or of an alcoholic solution of guaiconic acid), 
then sufficient alcohol to dissolve the precipitate, and lastly a little 
ozonic ether, hydrogen peroxide or old oil of turpentine. A blue 
colour is formed in the presence of blood. Ascertain in what 
dilution blood gives this test. Ozonic ether contains hydrogen 
peroxide. 

The solution is first boiled to destroy any oxidising enzymes present. 
These bodies can effect the same change, as also can many salts of metals, 
such as copper, iron, gold, cobalt, strong sodium chloride solution, and various 
other fluids such as milk, saliva, mucus, sweat, and juices of vegetable origin 
(extract of pea flour, fruit juices, etc.). If, however, the solution be first 
boiled, in the absence of metallic salts, the reaction is to be regarded as a 
reliable one for blood. In any case, if the test be negative, most investigators 
regard it as certain that blood is absent. 

Other bodies such as aloin, benzidin, the leuco-base of malachite green and 
phenol-phthalin can take the place of guaiac (see Blood in feces, p. 348). 


The function of hemoglobin is to carry oxygen to the tissues. 
This power of taking up oxygen can easily be demonstrated by 
shaking up venous blood with air (see under Spectroscope). The 
oxygen carrying capacity of blood can be ascertained as follows :— 

ExprermMent XIII. In the bottle of a Dupré apparatus (see 
Fig. 185) take 20 c.c. of oxygenated blood and 30 c.c. dilute 
ammonia solution (1 am.: 500 water). Inthe small tube take 5 c.c. 
of fresh saturated potassium ferricyanide solution. Adjust the 
water to the zero of the apparatus by means of the clip and then upset 
the ferricyanide into the blood. Shake well. Readjust the level 
of the water and read how much oxygen has been given off. 


Heemacytometer, see p. 214 (Part II). 


CHAPTER XIT 


THE SPECTROSCOPIC EXAMINATION OF HASMOGLOBIN 
AND ITS DERIVATIVES 


A spectroscope consists essentially of a screen, in which there is 
a small slit, through which light from any desired source can pass, 
a prism, and a series of lenses forming the telescope, through which 
the observer looks. 

For qualitative work the small direct vision spectroscope (Fig. 
179) is serviceable. When the position of the bands, however, is 


required, one of the larger compound forms is necessary. 
U 
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Before attempting to examine spectroscopically a coloured fluid see 
that the spectroscope is adjusted. 

Adjustment of the Spectroscope.—It is necessary to have an exact 
focus of the image of the slit. In the small direct vision spectroscope 
this may be obtained by directing the instrument towards a white 
cloud, and moving the eye-piece till the various Fraunhofer lines 
are clearly defined, or, in absence of daylight, obtaiming a clear 
image of the upper and lower edges of the slit, i.e. of the upper and 
lower edges of the spectrum. The slit should not be too widely 
open. If the source of light include a sodium flame, a clear image 
of the D-line will be obtained when the slit is in focus. 

1. The Visible Spectrum of Oxyhemoglobin.—Take some defibrin- 
ated blood which has been thoroughly shaken with air, and dilute 
it with about ten times its volume of water. Place some of this 
behind the slit of the spectroscope, preferably in a flat-sided vessel 
about 1 cm. thick, but a test tube will answer fairly well. It will 
be noticed that the whole of the spectrum is blocked out except a 
portion of the red end. 

Dilute this solution carefully. At a certain stage some of the 
green will be evident (see Spectrum 3 in Chart), there being a wide 
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Fia. 179.—Small direct vision spectroscope. 


absorption band between the red and green. On diluting still 
further, this wide absorption band will resolve itself into two bands 
(Spectrum 2). These two bands are both on the blue side of the 
D-line, and their centres correspond to 2 579 and J 543-8. Note 
carefully the position of these centres on the scale and the width 
of the bands. Observe also the limits of the visible spectrum at 
the red and blue ends. 

On diluting still further it may be possible to cause the band on 
the blue side to disappear, whilst the band on the red side is still just 
visible (Spectrum 1). 


2. The Visible Spectrum of Haemoglobin (reduced Heemoglobin). 
—If some diluted defibrinated blood be left standing undisturbed 
for twenty-four hours, the oxyhemoglobin will lose its oxygen. 
This result may be arrived at more rapidly by treating some diluted 
defibrinated blood which shows fairly wide oxyhemoglobin bands 
with afew drops of a reducing reagent, such as ammonium sul- 
phide or Stokes’ reducing fluid.t If ammonium sulphide be used, 

* Two grms. of ferrous sulphate are dissolved with 3 grms. tartaric acid in 


100 c.c. of water. Ammonia is added till the solution is alkaline. Stokes’ 
fluid must be freshly prepared. 
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Fig. 180.—Absorption-spectra. 


1, Oxyhemoglobin (very weak solution); 2, Oxyhemoglobin (weak solution); 3, Oxyhemo- 
globin (strong solution) ; 4, Hemoglobin (reduced hemoglobin) ; 5, Carbon-monoxide hemoglobin ; 
6, Acid hematin ; 7, Acid hematin (ethereal extract) ; 8, Alkaline hematin ; 9, Hamochromogen 
erdneed hematin); 10, Hematoporphyrin (acid solution); 11, Hematoporphyrin (alkaline 
solution). 
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the mixture should be gently warmed. It will now be noticed that 
the blood loses its bright scarlet appearance and becomes more 
purple in tint. Examine this by the spectroscope, and it will be 
found that the two bands of oxyhemoglobin have disappeared, 
and are replaced by one band, the centre of which is between the 
two bands of oxyhemoglobin. The band is a broad one, shading 
off more gradually on the red side, and the darkest part corre- 
sponds in wave-length to 4 550 (Spectrum 4 in Chart). 


3. The Visible Spectrum of Carbon-Monoxide Heemoglobin.—If a 
stream of carbon monoxide, or even of coal-gas, be passed through 
some diluted defibrinated blood, the scarlet tint is changed to a 
carmine or cherry colour. The oxygen is replaced by carbon mon- 
oxide. Examined spectroscopically the blood shows two bands 
differing from those of oxyhemoglobin in being slightly shifted 
towards the blue end. The two bands have centres corresponding 
in wave-length to 4 575 and 4 540 approximately (Spectrum 5). 

The proportion of red and blue unabsorbed at the ends of the 
spectrum is different in oxyhemoglobin and CO-hemoglobin, there 
being more blue unabsorbed in CO-hemoglobin than in the former. 
Hence, comparing dilute solutions of similar strength in test tubes 
of the same diameter, the CO-hemoglobin has a distinct bluish tinge, 
contrasting markedly with the yellowish-red of the oxyhzmoglobin. 
This difference of end-absorption can be best shown as follows: 
Take a fairly dilute solution of oxyhemoglobin showing the two 
characteristic bands clearly, but not strong enough to produce any 
intermediate shading. Note as carefully as possible where the red 
and blue are first visible. Pass a stream of coal gas or carbon 
monoxide through the solution by means of a fine nozzle for two 
or three minutes. Note the change in colour produced, and again 
examine the spectrum. It will now be found that rather more of 
the blue is visible, whilst the red is unaltered or slightly more 
absorbed. 

An important difference between oxyhemoglobin and CO- 
hemoglobin is seen in the effect of reducing reagents. If CO- 
hemoglobin be treated with Stokes’ fluid or ammonium sulphide, 
it is unchanged. 


4. The Visible Spectrum of Metheemoglobin.—To a solution of oxy- 
hemoglobin, in which the two bands are so wide as to partially 
overlap, add a few drops of a strong solution of potassium ferri- 
cyanide. The colour changes to a chocolate tint. If this be 
spectroscopically examined, a distinct band is seen on the red side 
of the D-line, the wave-length of its centre being about 635 
(Spectrum 12). On diluting the solution down, other bands may 
be seen—one just on the blue side of the D-line (4 581), another 
still further towards the blue (A 540), and a fourth may be made 
out on the bluish-green (A 500) (Spectra 13 and 14). The two 
middle bands are probably not due to any traces of oxyhemoglobin, 
but are characteristic of methemoglobin. 
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If such a solution of methemoglobin be treated with a little am- 
monium sulphide, a transient spectrum of oxyhemoglobin may be 
seen, succeeded by a permanent spectrum of reduced hemoglobin. 

If the solution of methemoglobin be rendered alkaline with 
ammonia, the colour changes to a more distinct red, and the absorp- 
tion band in the red disappears and is replaced by a band immedi- 
ately on the red side of the D-line (Spectrum 15 in Chart). 
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Fre. 181.—Absorption-spectra. 


12, Methemoglobin (strong solution); 13 and 14, Methemoglobin (weak solutions); 15, 
Methemoglobin (alkaline solution) ; 16, Nitric oxide hemoglobin ; 17, Mixture of methemoglobin 


and nitric oxide hemoglobin. 


By the action of nitric oxide on oxyhemoglobin, a product is formed called 
nitric oxide hemoglobin. ‘This is characterised by two bands, which are 
between the D and E lines; the band on the red side is somewhat nearer 
the red end than the corresponding band of oxyhemoglobin (Spectrum 16). 

If oxyhemoglobin be treated with a nitrite, as sodium nitrite or 
amyl nitrite,! there is formed a certain amount of methemoglobin 

1 Care must be taken to avoid excess of amyl nitrite, or so-called photo- 
methemoglobin, characterised by one broad band between D and E, will be 
formed. 
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and a certain amount of nitric oxide hemoglobin. The combination 
of the two gives a spectrum very similar to simple methemoglobin 
(Spectrum 17 in Chart). ' 

If the product of the action of nitrites be treated with ammonium 
sulphide, the spectrum passes through a transient oxyhemoglobin 
stage, succeeded by reduced hemoglobin, and later becomes nitric 
oxide hemoglobin. 


5. The Visible Spectrum of Acid-heematin.—If some diluted defi- 
brinated blood be treated with a little glacial acetic acid and gently 
warmed, it will assume a dark brown colour. If it be diluted 
sufficiently, and examined spectroscopically, it will present a spec- 
trum characterised by one band on the red, the wave-length corre- 
sponding approximately to 4 645. The blue end of the spectrum 
will be very largely absorbed (Spectrum 6 in Chart). 


There is frequently a considerable amount of general absorption in the 
acid-hematin prepared as above, and the band referred to may only be made 
clear by filtering the solution. More satisfactory results are obtained by 
extracting the colouring matter with ether, or treating with chloroform and 
excess of acetic acid, as follows :— 

(a) Take defibrinated blood, and add about half its volume of glacial acetic 
acid and about an equal quantity of ether. Shake at once. The ether will 
extract the colouring matter, and, on examining the same spectroscopically, 
three distinct bands will be seen—one on the red similar to that already 
described, but apparently shifted nearer the D line (\ 640), one on the green 
(\ 550), another on the green but nearer the blue (\ 515). A very indistinct 
band may be seen on the yellow (A 590) (Spectrum 7 in Chart). 

(b) Take defibrinated blood, warm and add half its volume of glacial acetic 
acid. Cool and add half the volume of chloroform, and more acetic acid if any 
precipitate appears. The solution will become clear and give a spectrum 
similar to that shown in the ethereal extract. 


6. The Visible Spectrum of Alkaline Heematin.—Take some diluted 
defibrinated blood, and add a few drops of strong caustic soda, and 
warm. The colour will change to a greenish-brown tint, and when 
the solution is examined spectroscopically, it will show a single 
band on the orange (wave-length, 4600). A more satisfactory 
method of preparing the alkaline hematin is to form a paste of 
potassium carbonate and defibrinated blood ; dry it over a water- 
bath and extract with alcohol, when a reddish-brown solution is 
obtained which shows the distinguishing absorption band clearly 
(Spectrum 8 in Chart). 


7. The Visible Spectrum of Heemochromogen (reduced Alkaline 
Heematin).—If a watery solution of alkaline hematin be warmed with 
a few drops of ammonium sulphide, the brownish colour is replaced by 
a more marked red. If the solution be examined spectroscopically, 
the one band of alkaline hematin is found to be replaced by two 
bands on the green, the wave-lengths of their centres being 
approximately 4557 and 4525 (Spectrum 9). 


8. The Visible Spectrum of Heematoporphyrin.—Take some strong 
sulphuric acid (10 ¢.c.) in a test tube and add a few drops of blood, 
and shake up the mixture. A purple colour will result, due to the 
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decomposition of the hemoglobin and the formation of the iron- 
free pigment, hematoporphyrin. This examined spectroscopically 
will, in the above acid solution, show two bands, the centres being 
approximately 4 605 and 4 565 (Spectrum 10 in Chart). 

If a large excess of water is added to the above a precipitate is 
thrown down. If this be dissolved in a little caustic soda, a solu- 
tion of hematoporphyrin in an alkaline medium is obtained, which 
shows a four-banded spectrum when examined, the positions of 
the bands being 2 630, 4580, 1550, and 2520 approximately 
(Spectrum 11 in Chart). 

Hematoporphyrin may be regarded as iron-free hematin, and 
identical in composition with bilirubin. 

Solutions of hematoporphyrin exhibit a red fluorescence. This 
pigment is probably normally present in very small quantities in 
urine. 


CHAPTER XIII 
URINE 


It must be remembered that the quantity and the composition of 
the urine vary considerably within the limits of health, and in 
order to form reliable conclusions the total urine must be collected 
for a period of twenty-four hours. Even with a fair sample thus 
obtained, the intake and loss of water must be taken into consider- 
ation ; copious drinking will increase the quantity and lower the 
specific gravity of the urine ; on the other hand, profuse sweating 
or diarrhoea will have the opposite effect. The nature of the diet 
in relation to the reaction of the urine and the quantity of 
nitrogen excreted must also be considered. 


General Characters of Urine 


Quantity—A healthy man of average weight (65-70 kg.) and 
height, and living on an ordinary mixed diet, excretes about 1,500 c.c. 
per twenty-four hours. If it be necessary to ascertain whether any one 
of its constituents is being excreted in normal amount, a knowledge 
of the total daily excretion of urine is indispensable, a mere deter- 
mination of the percentage in an isolated sample being of very 
slight value. For accurate work the method employed is to collect 
the total urine for the twenty-four hours in a suitable vessel, 
and then to remove from this a measured sample for analysis.+ 
The amount of urine is increased by the imbibition of large quantities 


1 In doing this, the bladder is emptied at some chosen hour (best in the 
morning), and this urine thrown away ; all urine passed subsequently to this 
is collected in a sterile flask or bottle containing a few c.c. of chloroform, and 
at the same hour next day the bladder is again emptied and the urine added 
to the twenty-four hour specimen. When the observation is being conducted 
on the lower animals, it is usually necessary to employ the catheter, 
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of liquid and by certain drugs called diuretics ; it is diminished by 
excessive sweating or diarrhcea, and by failure of the heart’s action. 


Specific Gravity.—This is determined by a special form of hydro- 
meter—a urinometer—graduated so that the zero mark—1,000— 
corresponds to distilled water (Fig. 182). 

Experment I. Fill a urine testing glass with urine cooled to 
room temperature, place the urinometer in it, 
and read off the graduation which is on a level 
with the surface of the urine. The wrinometer 
must not stick to the sides of the vessel. 

The average density varies between 1,015 and 
1,025, but a highly concentrated urine, e.g. after 
severe sweating, may reach 1,035, or a very dilute 
one, e.g. after huge potations, 1,002, and still be 
healthy. A specific gravity over 1,030, however, 
usually indicates the presence of sugar or the 
existence of high fever, and one much below 1,010 
should raise suspicions of renal trouble. 


Reaction._ Healthy urine usually reacts acid to 
litmus. This acidity is most probably mainly due 
to the presence in the urine of acid phosphate 
salts like NaH,PO,. 

Experm™ent II. Test the reaction of urine 
with blue litmus paper and congo red paper. 
The litmus is turned red, but the congo red is 
not altered, as it is not affected by the acid 
salts of any but the strongest acids (see Digestion, 
p. 272). 

The alkaline phosphate, Na,HPO,, may be pre- 
sent in urine. It is detected by the addition of 
calcium chloride to the urine, when a precipitate 
of calcium phosphate forms if the alkaline phos- 
phate is present, but not if the acid phosphate 
alone is present. The amount of alkaline phos- 
phate may be sufficient to cause the urine to have 
an amphoteric reaction, turning red litmus blue 
and blue litmus red, or even to have a definite 
alkaline reaction. This is often the case during 
the stage of digestion, when hydrochloric acid is 
Fic. 182.—The being poured into the stomach, as the removal 

urinometer, of hydrochloric acid from the blood leaves an 

excess of bases. 

Besides the alkaline phosphate, alkaline bicarbonates may be 
present in urine, causing an effervescence on the addition of acid. 
This is the case when salts of oxidisable acids (e.g: citric, tartaric, 
etc.) are being taken by the mouth, and when the diet is an exclu- 
sively vegetable one. Lastly, an alkaline reaction may be due to 
ammonia, which is produced by bacterial hydrolysis of urea (see 
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Urea, p. 300). For this reason stale urine always reacts alkaline. 
If the alkaline reaction of freshly passed urine is due to ammonia, 
decomposition must be taking place in the bladder. 

A very simple method of determining the distribution of the phosphate 
between the acid and alkaline salts has been introduced by Leathes. In a 
solution of sodium phosphate, if all the phosphate is acid phosphate, methyl 
orange turns pink : if any of it is dibasic this indicator is yellow ; when it is 
all dibasic, and not before, phenolphthalein turns pink. To determine the 
nature of the phosphates present in the urine two 10 c.c. samples of urine well 
diluted with distilled water are titrated, the one with N/10 H,SO,, using methyl 
orange asindicator, and the other with N/10 NaOH, using phenolphthalein as 
indicator. The first titration gives the amount of dibasic phosphate present 
and the second the amount of acid phosphate. The ratio of the amounts of 
acid and alkali used in the two titrations gives the ratio in which the two 
phosphates are present. As the phosphates are the principal constituents of 
the urine which determine its reaction, the reaction of the urine may be 
expressed in the same way as that of a pure phosphate solution, in acidity or 
alkalinity per cent. 

For a fuller discussion of hydrogen ion concentration and its 
determination see p. 389. 

Colour.—The colour of urine varies in health from pale amber 
or straw to deep red brown. 

(a) Nearly colourless due to dilution or diminution of pigments, 
as in polyuria from any cause, diabetes insipidus, certain diseases 
of the kidney. 

(b) Dark yellow or brown red due to an increase of pigment or 
increase of concentration of urine as in acute febrile diseases or 
after profuse sweating. ; 

(c) Red or reddish due to the presence of hemoglobin or pigments 
used in colouring foodstuffs. 

(d) Brown or brown black due to the presence of hematin, 
methemoglobin, melanin or after carbolic acid poisoning. 

(e) Brown yellow to red brown due to the presence of various 
colouring matters of vegetable origin, as after the administration 
of santonin, chrysophanic acid, senna, rhubarb, etc. Note the 
addition of NaOH turns urine which contains many of these 
vegetable dyes, red. 

(f) Greenish yellow or yellow brown due to the presence of bile 
pigments, as in various hepatic diseases. 

As regards the actual pigments, apart from those of definitely 
pathological origin or derived from substances administered to the 
subject, the principal pigment would seem to be wrochrome. After 
the removal of this pigment from the urine the colour is largely 
lost. It is a sulphur containing pigment and has an acid reaction. 
It shows no absorption bands, but it cuts off the violet end of the 
spectrum. It does not fluoresce with zine salts. U robilin, mostly 
in the form of a colourless chromogen, is also present in very small 
amountinnormalurine. In many pathological conditions urobilin is 
present in large amount. The chromogen is readily converted into 
urobilin by oxidation. Uroerythrin is also present in traces. (See 


p. 341.) 
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Indican Test.—To about 5 c.c. of urine in a test tube add an equal 
volume of concentrated hydrochloric acid and 3 c¢.c. of chloroform, 
then add drop by drop a dilute (freshly prepared) solution of bleach- 
ing powder. Shake the tube after the addition of each drop of 
the hypochlorite solution. The pigment, as liberated, is taken up 
by the chloroform. Care must be taken not to add too much of 
the bleaching powder, as the indigo blue formed can be further 
oxidised to colourless compounds. 

In place of the bleaching powder, hydrochloric acid containing 
a small amount of ferric chloride (0-2 to 0-4 per cent.) may be 
used. Or it may be replaced by ammonium persulphate, say, 
1 drop of a 10 per cent. solution. 


CHAPTER XIV 
URINE (Continued) 
Total Nitrogen and Urea 


The amount of total nitrogen excreted by the average man 
living on an average mixed diet is about 15 grams per day. As the 
amount of nitrogen excreted is dependent mainly on the nature of 
the diet, itis obvious that no hard and fast figure can be laid down 
for a mixed diet. And, further, unless a sample of a mixed twenty- 
four hours collection is taken the values obtained are for the most 
part absolutely worthless. Even a sample from the twenty-four 
hours urine is of little value unless the nature of the diet consumed 
during the period of collection is known. If a reliable sample of 
urine is required, the subject must be put on a simple fixed diet for 
at least two days before the twenty-four hour sample is collected. 

The chief nitrogenous substances present in the urine which 
collectively account for the bulk of the total nitrogen (T.N.) are 
urea, uric acid, ammonia and creatinine. Many other nitrogen 
containing substances are present in the urine, but as a rule they 
only occur in traces. Not only does the amount of total nitrogen 
excreted depend on the nature of the diet, but, as Folin has shown, 
the distribution of the component substances varies with the diet 
taken. Folin’s table demonstrates this fact very clearly. 


N. rich diet, N. poor diet. 


Quantity. 9% of TN, | Quantity. | 0% of T.N. 
| 

Violtimeron Wrimem nee me iT Orerccs | | 385 e.c. 

Total Nitrogen. . . .| 16-8 grm. | 3:60 erm. 

Urea Nitrogen. . . .|14:7 4, | 87-5 2-20 ,, 61-7 
Ammonia Nitrogen... 0:49 ,, 3:0 0-42 ,, 13 
Uric Acid Nitrogen . .j| O-18 ,, | 1-1 0:09 ,, 2:5 
Creatinine Nitrogen : 0D8>5,- | 3°65) 0:60) 5: 17-2 
Undetermined Nitrogen . 0-85 5. | 4:9 Ono Faas 7:3 
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Urea 
Urea is commonly regarded as the diamide of carbonic acid, 
Carbonic acid. Urea. 
OH NH 
CO CO 4 
oH <NH, 


but there is now a certain amount of evidence to show that in reality 
: . : : NH, 
it may be isocarbamide with a formula HN: <4 


In common with other acid amides, urea has weak basic properties, 
forming unstable salts with nitric and oxalic acids. 

EXPERIMENT I. To some urine, which has been evaporated to 
small bulk on a water-bath, add some pure, colourless (not fuming) 
nitric acid, and cool the mixture by holding the test tube under the 


Fria. 183.—Urea nitrate. x 300. Fira. 184.—Urea oxalate. x 300. 


tap. Crystals of urea nitrate separate out. Examine these with 
the microscope, and note that they are either rhombic tables or 
six-sided plates, which overlap each other like the tiles of a roof. 
Oxalic acid may also be used. (See Figs. 183, 184.) _ 

Urea is decomposed by nitrous acid--HNO,—carbonic acid gas 
and nitrogen being evolved : 

CO(NH,), + 2HNO, = CO, + 2N, + 3H,0. 

ExprermmeEntT II. Add some fuming nitric acid (i.e. containing 
nitrous acid) to urine, and note the effervescence which results. 
That one of the gases evolved is carbon dioxide can be proved by 
passing some of the gas liberated into another test tube containing 
lime water or baryta water, when, on shaking, the latter will turn 
milky. 
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A very similar reaction is obtained by adding a hypobromite or 
hypochlorite to urine. 
CO(NH,), + 3NaBrO = CO, + N, + 2H,0 + 3NaBr. 


This reaction is employed in the quantitative estimation of urea 
(see below, p. 301). 

There are several reactions which are peculiarly interesting, since 
they demonstrate the chemical relationships of urea to its probable 
precursors in the tissues. Thus, if urea be hydrolysed (i.e. be 
caused to take up water) it forms ammonium carbonate : 

CO(NH,)» a 2H,0 ca (NH,).CO; 

This process occurs in urine which has stood for some time, the 
hydrolysis being effected by several kinds of bacteria such as the 
micrococcus uree. Hydrolysis is also produced by an enzyme, 
urease, found in the Soja bean and in the Jack bean. It may also 
be produced by boiling urea with strong acids or alkalis; in both 
cases the ammonium carbonate is further decomposed, liberating, 
in the case of alkalis, ammonia gas (the carbon dioxide being 
absorbed by the alkali present), and in the case of acids, carbon 
dioxide gas (the ammonia being absorbed by the acid present). 

EXPERIMENT IIT. To some urea solution in a test-tube add 1 cc. 
of a urease extract or a little Soja bean meal. Allow the tube to 
stand for 10 minutes, heat to boiling, holding a moistened piece 
of red litmus paper at the mouth of the tube. The litmus paper 
will turn blue owing to the evolution of ammonia. 

Experiment IV. Dry heat splits urea into ammonia gas and a 
body called biuret. Heat some urea crystals in a dry test tube. 
Note that they melt and give off ammonia. Continue heating for a 
few minutes, then cool the test tube and dissolve the residue in water, 
and to this solution apply the biuret test. A rose pink colour 
results (see Peptone, p. 247). 


Estimation of Urea.—Many methods have been introduced for the 
estimation of urea. As an approximate estimation the hypobromite 
method is fairly good and has the considerable merit of being rapidly 
carried out. If accurate work is required on the whole the urease 
method will prove the most serviceable (see page 324). 

Hypobromite Method.—As stated this method only gives, as 
usually carried out, an approximation, as urea yields variable 
amounts of nitrogen unless the strictest of conditions are adhered 
to, and further certain other urinary constituents also yield a 
certain amount of nitrogen. With all its limitations, however, 
the method has a certain value. 

From the consideration of the formula above representing the 
changes which take place it will be noted that when urea is 
decomposed by the hypobromite two gases, carbonic dioxide and 
nitrogen, are liberated. As a strongly alkaline solution of hypo- 
bromite is always used the free alkali combines with the car- 
bonic acid at once so that nitrogen alone is measured. 
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Theoretically 1 grm. urea gives off 372 c.c. nitrogen at 0° and 
760 mm., but in practice only about 354 c.c. are given off. 

There are various forms of apparatus used for collecting the 
liberated nitrogen. That of Dupré (Fig. 185) consists of an in- 
verted burette (a) placed in a cylinder of water, and to the neck 
of which is connected a T-piece (f). With the side tube of this 
the generating bottle is connected by india-rubber tubing, and the 


Fic. 185.—Dupré’s urea apparatus. 


other tube is closed with a piece of tubing and a clip. To make 
the estimation, 25 c.c. of the freshly prepared alkaline solution of 
sodium hypobromite 1 are placed in the generating bottle (0) and 
5 c.c. urine in a small tube, which is then carefully placed in the 
generating bottle without allowing the two fluids to mix. The 


1 i i da made by 
1 Add 25 ¢c.c. bromine to a well-cooled solution of caustic so 
dissolving 100 grms. NaOH in 250 c.c. water. If only a small amount is 
required addition of 2 c.c. bromine to 23 c.c. 40 per cent. NaOH suffices. 
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cork of the generating bottle is then inserted, and the meniscus of 
the water both inside and outside the burette brought to the same 
level at the zero mark, the clip on the T-piece being open mean- 
while, and water being added to, or removed from, the outer vessel 
if necessary. The clip is now applied, and the burette raised to 
ascertain that no leakage exists. The two menisci are then re- 
adjusted, and the contents in the generating bottle mixed. The 
evolved N displaces the water in the burette. After the reaction is 
complete, the generating flask is immersed in a basin of water, so 
as to bring the temperature of the gas contained in it to the same 
as that of the gas in the burette. After waiting two minutes the 
two menisci are again brought to the same level, and the number 
of c.c. of N read off. Do not hold or touch any part of the glass of 
the apparatus with the bare hand. 

Calculation of Result.—If no correction for temperature and 
pressure be made it is very simple. 

42°5 c.c. nitrogen were obtained from 5 c.c. urine tested and 
35°4 c.c. are liberated from 0:1 grm. urea; therefore 42°5 c.c. equals 
approximately 0°12 grm. urea, i.e. in 5 c.c. urine there is approxi- 
mately 0°12 grm. urea, and therefore in 1,500 c.c., 0:12 x 300 = 
36 grms. 

If correction for temperature and pressure be made this formula 
is used : 


_ vw X 273x(b-6’) 
(273 + t) x 760 
v' = volume of gas evolved, b = barometric pressure, b’ = tension 
of watery vapour at ¢ = temperature at time of estimation. 


For rapid clinical purposes quite satisfactory results may be 
obtained by using the small Doremus ureometer (see Fig. 194). 


CHAPTER XV 
URINE (Continued) 


Purines, Creatinine and Ammonia 


Purines.—There are always present in varying amount products 
of the decomposition of nucleo-protein, mainly in the form of uric 
acid and to a lesser extent as other purine bases. The amount of 
these substances present is largely influenced by the nature of the 
diet. After a meal rich in meat, more particularly one which has 
contained material like sweetbread, the output of purines is high 
but. they are also present although in diminished amount on a 
purine-free diet. It is possible that a certain limited amount of the 
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purines may be of synthetic origin, i.e. not derived from the break- 


HN — CO 
down of nucleo-protein. In man uric acid OC (GC —NH 
| | >CO 
HN — C — NH 


may be regarded as the principal end product of the catabolism 
of nucleo-protein. The substances grouped under the heading of 


N= CNH, 
purine bases are the two amino purines, Adenine HC C—NH 
|| || >CH 
N—C—N 
HN — CO 
Lona! 
and Guanine H,NC CW—NH and the two oxypurins, Hypo- 
| || =CH 
N—C—N 
aa — CO HN — CO 
| en 
xanthine HC C—NH and Xanthine OC C—NH 
| | >cH | || >CH 
N—C—N HN —C—N 


Uric acid is not present as such in the urine, but is combined with 
bases, like sodium, to form urates. 

Two types of salts are formed : (a) the primary salts, the so-called 
mono or acid urates which are formed when uric acid in an aqueous 
solution acts as a monobasic acid, and (b) the secondary salts, the 
so-called di or neutral urates, which can only exist in the presence 
of excess of alkali. The group of salts which were formerly called 
quadri-urates is probably a mixture of uric acid with a primary 
salt. In urine then we have only to deal with primary salts. 


Preparation and Reactions of Uric Acid 


EXPERIMENT I. To 100 c.c urine add 5 c.c. HCl (conc.), and 
allow the mixture to stand overnight. It will then be found that a 
dark-brown sediment, like cayenne pepper, has settled down, and 
probably also that a brown scum has formed on the surface. Filter 
and examine the sediment under the microscope. It consists of 
large dark-brown clumps of crystals, whetstone or barrel-shaped 
(Fig. 186). These are crystals of uric acid admixed with pigment. 
They can be purified by solution in 5 per cent. KOH and repre- 
cipitation by HCl. Preserve the crystals for further use. 

EXPERIMENT II. Pure crystals can be obtained from the solid 
urine of a snake or bird. This urine is dissolved, with the aid of 
heat, in 5 per cent. caustic potash cooled, filtered and acidified 
with HCl. Pure uric acid separates out. 
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Fic. 186.—Crystals of uric acid. x 500. 
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The following are the most important reactions of uric acid. 

EXPERIMENT III. The Murexide Test.—Place some uric acid on 
a piece of glazed porcelain, add a few drops of dilute nitric acid, 
evaporate slowly to dryness over a small flame. A yellow residue 
is obtained. Add after cooling a drop of ammonia, a crimson colour 
results, which is changed to purple by adding caustic soda, If 
overheated, the residue will turn crimson without the addition of 
ammonia. This test cannot be applied directly to urine as urine 
yields a red pigment on heating with nitric acid. « 

ExpERIMENT IV. Uric acid has the power of reducing metallic oxides in 
alkaline solution. This may be demonstrated by the following tests. Some 
uric acid is dissolved in weak sodium carbonate solution, which is then poured 
on to a piece of filter paper moistened with a solution of AgNO ;. A black 
stain of reduced silver results. This is called Schiff’s reaction. Uric acid 
can also exercise its reducing powers on cupric salts in alkaline solution. By 
applying Trommer’s test, or one of its modifications, to an alkaline solution of 
uric acid, it will be noticed that reduction ensues. The reduction precipitate 
is, however, of a dull brown colour instead of being yellowish red, as it usually 
is. This is because a certain amount of the cuprous oxide unites with some 
of the uric acid to form a brown compound. 


Hippuric Acid.—This substance is found in marked amount in the urine of 
herbivora, but is only present in small amount in the urine of man on an 
ordinary mixed diet. It is chemically benzoyl-glycine and is formed from 
aromatic substances present in the food, particularly vegetable food-stuffs, 
being oxidised to benzoic acid which is then excreted combined with glycine, 


Creatinine.—Urine always contains creatinine 
NH 


| 
HN = C — N —CH,CO 


| 
CH, 


the output on a creatinine-free diet being very constant for a 
NH, 
| 
given individual. Creatine HN = C — iH .CH,COOH is not nor- 
CH, 
mally present in the urine of the adult although it is normally 
present in the urine of young children and is frequently present in 
the urine of women at menstruation and in pregnancy, It can be 
made to appear readily by starvation and it is excreted in certain 
pathological conditions. 

Tests for Creatinine—Exrertment I. Jaffe’s Test._-Add to 
5 c.c. urine a few drops of a saturated solution of picric acid and then 
NaOH until alkaline. A red brown colour is produced. Do a 
check observation on 5 c.c. water. 

ExpERm™MENT II. Weyl’s Test.—Add to 5 c.c. urine a few drops of a dilute 
solution of sodium nitro-prusside, then on the addition of dilute caustic soda 
solution a ruby red colour develops which quickly changes to yellow. If this 
solution be acidified with acetic acid and then boiled a greenish blue colour 


results and eventually on standing a precipitate of Prussian blue is formed. 
x 
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Acetone gives the same colour with the nitro-prusside and soda, but (1) it 
does not turn yellow on standing, and (2) it gives a reddish purple colour 
on the addition of acetic acid. 


Simple Estimation of Creatinine (Burns). —A pparatus.—Haldane’s 
Hemoglobinometer tubes. Standard tube contains the Folin 
standard solution of bichromate (see p. 329). 

Method.—Pipette 10 c.c. of urine into a 250 c.c. measuring 
cylinder, add 5 ¢.c. 10 per cent. NaOH and 15 c.c. saturated solution 
of picric acid. Mix and allow to stand for exactly six minutes. 
Dilute with water to 250 c.c. Fill empty hemoglobinometer tube 
up to 50 mark with the mixture, add water drop by drop until the 
colour of the mixture and the standard match. (It is better, as in 
the estimation of hemoglobin, to note the point at which the colour 
is just too strong and the point at which it is just too pale and take 
the mean of these.) The reading gives the amount of creatinine 
present in milligrams per 100 c.c. of urine. 


Ammonia.—The amount of ammonia in urine varies indirectly 
with the amount of urea, due to the fact that ammonia is the chief 
precursor of urea. If for any reason, such as the presence of acids 
in the body, ammonia is required for neutralisation, there will be a 
rise in the output of ammonia in the urine and a fall in the urea 
output. In certain pathological cases where acidosis is a marked 
feature the ammonia nitrogen may form a large proportion of the 
total urinary nitrogen. 

The contrary condition is also true, namely, when there is an 
excess of alkali ingested, either in the food or otherwise, ammonia 
may practically disappear from the urine. This diminution in the 
output of ammonia is marked when, for instance, vegetable food- 
stuffs predominate in the diet. 

Estimation of Total Acidity and Ammonia in Urine.—Weigh 
out roughly 15 grms. powdered potassium oxalate (neutral to 
phenolphthalein), place in a flask, and add from a pipette 25 c.c. 
urine and an equal volume of water. Add about 10 drops 1 per 
cent. alcoholic phenolphthalein. Mix and allow to stand for about 
aminute. Nowrun in N/10 caustic soda from a burette until the 
contents of the flask assume a slight pink tint. Read the burette. 
In another flask place 5 c.c. formalin (40 per cent. formaldehyde), 
5 c.c. water, and three drops phenolphthalein. Add N/10 caustic 
soda till the phenolphthalein is faintly pink. Add this mixture to 
the neutralised urine. The pink colour disappears. Run in N/10 
caustic soda until the colour returns, and take the reading. 

The first reading of the burette gives the total acidity of 25 c.c. 
urine in terms of N/10 soda. Potassium oxalate is added to pre- 
cipitate the calcium in the urine as calcium oxalate, as the for- 
mation of calcium phosphate would otherwise interfere with the 
end-point. 

On the addition of neutral formaldehyde the ammonia in the urine 
combines with the formaldehyde, forming a neutral compound, 
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hexamethylene tetramine, thus liberating the acid which it pre- 
viously neutralised. 

4NH,Cl + 6CH,O = N,(CH,), + 6H,O + 4HCl 
The second titration, therefore, determines the amount of ammonia 
present in terms of N/10 soda. To calculate the amount of nitrogen 
in grammes present as ammonia in the volume of urine taken 
multiply the reading of this titration in c.c. by 0-0014. 

This method of determining ammonia is of sufficient accuracy for 
clinical purposes. The amount of ammonia is always higher by this 
method than by the more accurate methods which follow. This is 
due to the fact that formalin combines with amino acids, which are 
normally present in urine in minute traces, and thus renders them 
acid to phenolphthalein. This source of error is small, unless 
amino acids are present in excessive amount, as in cystinuria. The 
difference between the result of this method and that of one of the 
methods which follow affords a measure of the amount of amino acids 
present in the urine (see p. 331). 


CHaPTER XVI 
URINE (Continued) 


Inorganic Constituents of Urine. Deposits 

Chlorides.—The amount of chloride excreted varies largely with 
the amount present in the diet. Variation also takes place in 
certain pathological conditions. 

Exprerm™ent [. Add to urine a few drops of nitric acid and then 
silver nitrate solution. A white precipitate of silver chloride forms 
which is soluble in ammonia. The nitric acid prevents the pre- 
cipitation of other silver salts such as phosphate. 

Estimation of Chloride——-There are two methods which are 
commonly employed, Mohr’s and Volhard’s. The latter is the more 
accurate of the two, but the former, which gives excellent results 
although slightly too high because other substances like purines 
combine with the silver before chromic acid does, is the more rapid. 

Mohr’s Method.—Take 10 c.c. of the urine, dilute with six or 
seven times its volume of water, add 5 drops of a cold saturated 
solution of potassium chromate. Then run in from a burette 
N/10 silver nitrate solution (1 c.c. = 0-0058 grm. NaCl), stirring 
constantly until a permanent faint red colour of silver chromate 
appears. 

c.c. AgNO, sol. used x 0-0058 = grms. NaCl in 10 c.c. 
Sometimes a correction is used on account of the too high value 
referred to, viz., the deduction of 1 c.c. from the actual number of 
c.c. AgNO, used in the titration. 

Volhard’s Method, p. 332. 


Phosphates.— These are found in the urine as = 
(i) Earthy phosphates, i.e. combined with calcium and magnesium. 
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(a) Render the urine alkaline by means of caustic soda. Earthy 
phosphates are precipitated. (b) Render alkaline with ammonia, 
allow to stand, then examine by means of microscope the precipitate 
of triple phosphate (feathery phosphates). ‘ 

(ii) Alkaline phosphates, i.e. combined with sodium and potassium. 
Precipitate the earthy phosphates with NaOH, filter off the pre- 
cipitate, acidify filtrate with acetic acid, then add uranium acetate 
solution and warm. A precipitate of uranium phosphate forms. 

ExpERIMENT II. Boil some solution of ammonium molybdate in 
nitric acid in a test tube and add drop by drop boiling urine acidified 
with nitric acid. A yellow precipitate indicates the presence of 
phosphate. 


Estimation of Phosphates.—Place 25 to 50 c.c. urine in a porcelain 
basin with 5 c.c. acid sodium acetate solution ! and heat it until itis 
gently boiling, then run in from a burette a standard (N/10) solution 
of uranium acetate (1 c.c. of N/10 uran. acet.2= 0-00355 grm. P,O;) 
until a drop of the boiling mixture placed on a drop of potas- 
sium ferrocyanide on a white glazed tile gives an immediate brown 
colour due to the formation of uranium ferrocyanide, thus indi- 
cating that there is now an excess of uranium present. In tak- 
ing out drops for testing care must be taken to see that the glass 
rod employed does not come in contact with the mouth of the 
burette and get contaminated with uranium solution, otherwise 
erroneous results will be obtained : 

c.c. N/10 uran. acetate used x 0-00355=grms. P.O; in 25 (or 50) 
c.c. Cochineal added to the mixture in basin may be used as in- 
dicator in place of the ferrocyanide. End reaction is change of 
red colour to green. (See also p. 332.) 


Sulphates.—Sulphur is excreted in three forms in the urine as 
(a) preformed (inorganic) sulphates, (b) ethereal sulphates, and 
(c) neutral sulphur. The bulk of the excretion is in the form of 
inorganic sulphate. 

EXPERIMENT III. Add about 2 c.c. HCl to 10 c.c. urine in a 
test tube and then an excess of barium chloride solution. A white 
precipitate of barium sulphate forms. Filter off this precipitate 
and boil the clear filtrate. A further precipitation of barium sul- 
phate should take place due to the decomposition of ethereal 
sulphates by the hydrochloric acid. (See also p. 333.) 

Metabolism.—One of the results of Folin’s investigations on metabolism 
has been to show the significance of determinations of sulphates in the urine. 
The total sulphur in the urine is, like the nitrogen, distributed among several 
substances, which are divided into three groups—the inorganic sulphates, the 
ethereal sulphates, and the neutral sulphur compounds. The inorganic 
sulphates are mainly those of sodium ; the ethereal sulphates are compounds 


of phenol, cresol, scatoxyl, andindoxyl, with sulphuric acid and potassium (see 
p. 282), and the neutral sulphur compounds are organic compounds in which 


1 Acid sodium acetate solution; 100 grms. sodium acetate, dissolved in 
water, 100 c.c. glacial acetic acid made up to 1,000 e.e. 

2? N/10 uranium acetate, 21-3 grm. ur. acet. dissolved in water and made 
up to 1 litre. 
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the sulphuris an integral part of themolecule. Cystine, when present, belongs 
to this group. When the relative amounts of SO, excreted in the above- 
mentioned three forms are calculated as percentages of the total SO, excretion, 
it is found that the inorganic sulphates on a protein-poor diet behave like 
urea-nitrogen, i.e. become less both in absolute amount and in relative 
percentage ; that the neutral sulphur under the same conditions behaves like 
creatinin-nitrogen, i.e. remains constant in absolute amount, whereas the 
percentagerises, and that the ethereal sulphate excretion behaves like that of 
ammonia-nitrogen, i.e. becomes somewhat less in absolute amount, but that 
the percentage rises. 

These facts are clearly shown in the following table, which is an extension of 
that on page 298. 


N.-rich diet. N.-poor diet, 
Volume of urine 1,170 c.c. 385 c.c. 
Total nitrogen 16-8 grm. 3-60 grm. 
TotalSO,;. . 3-64 grm. 0-76 grm. 
Inorganic SO, 3-27 grm. = 90-0% of total S. 0-46 grm.=60-5% of total 8. 
EtherealSO,. 0-19 grm. = 5:2% _ 0-10 grm. =13:2% 5 
NeutralSO, . 0:18 grm.= 48% 5 0-20 grm. =26:3% ps 


The ethereal sulphates cannot, as has been supposed, derive their source 
entirely from the aromatic bodies formed in the intestine by micro-organismal 
growth. When this is excessive, or when there is obstruction in the small 
intestine so that an excessive amount of these aromatic bodies is absorbed, an 
increase no doubt occurs in the ethereal sulphate excretion, but this increase 
can be no reliable index of intestinal putrefaction, since the relative ethereal 
sulphate excretion becomes greater when the diet contains little or no protein. 
Practically the only source of sulphur intake by the food isin proteins. Sul- 
phates are not taken unless for medicinal purposes, because of their disagreeable 
taste. The sulphur excretion by the urine is therefore a measure of protein 
catabolism in the organism. 


Urinary Deposits 


Normal urine is quite clear when it is passed, but, on standing 
some time, a sediment usually separates out, and this varies some- 
what under different conditions. 

Acid Urine from a healthy person may deposit the following :— 

1. Urates (see p. 303).—The sediment has a chalky appearance 
and is usually tinged reddish by uroerythrin. It disappears on 
gently warming the urine. Examined microscopically, it is generally 
amorphous, but may show a crystalline structure, usually as needles, 
or as balls with spines projecting from them (Fig. 187). It is 
composed mainly of sodium urate. 

2. Uric Acid.—It appears as a cayenne pepper-like sediment, and 
has a definite crystalline appearance under the microscope (Fig. 186). 
The crystals may vary much in shape, but are always large and 
tinged a reddish colour. The most usual shapes for the crystals to 
assume are ‘sheaves,’ ‘“‘ whetstones,” ‘“‘ rhombic tables,’ and 
sometimes ‘‘ dumb-bells.” The presence of the crystals does not 
necessarily indicate an increased excretion of uric acid, but depends 
on the concentration and acidity of the urine. 

3. Calcium Oxalate.—This is usually a scanty deposit, adhering 
to irregularities on the surface of the glass of the urine jar, or forming 
a glistening layer on the top of the mucous deposit that settles at the 


bottom. 
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x 350. 


Fie. 187.—Sodium 
urate. 


Cystine. 


Fie. 188. 
x 350. 


carbonate (from 
urine). 


Fic. 189.—Calcium 
human 
x 400 
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The crystals are insoluble in acetic acid. This reaction 
distinguishes them from phosphates or carbonates. They are also 
insoluble in ammonia, and are thus distinguished from urates. 

Microscopically they are seen to be very small octahedra, often 
flattened along one axis, so that they appear like squares with 
diagonal lines (hence called ‘“‘ envelope ” crystals, Fig. 190). 

Acid urine from a person suffering from disease, or during the 
administration of certain drugs, may deposit :— 


Fia. 190.—Calcium oxalate. x 500. 


1. Cystine.—This forms a deposit somewhat like that of urates in 
Bi cer aie however, it shows a distinct crystalline structure 
consisting of hexagonal colourless plates or slabs (Fig. 188). When 
the crystals are present the condition is called cystinuria. 

2. Leucine and Tyrosine.-Though very rarely, these two bodies 
sometimes occur in urine (e.g. in severe hepatic disease), where their 
appearance is similar to that in a pancreatic digest (see Fig. 177). 

3. Hippuric Acid.—This may appear in urine during the admin- 
istration of benzoic acid. It crystallises in four-sided prisms. It is 
quite common in the urine of herbivora. 
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In Alkaline Urine the following may occur :— 

1. Phosphates.—Of these there are two kinds, viz., phosphate of 
calcium and ammonium-magnesium phosphate. 

(a) Phosphate of Calcium.—The sediment is chalky and never 
pigmented ; it clears up on adding a few drops of nitric acid ; it is 
increased by boiling. Microscopically it is usually amorphous, but 
may exist as long prismatic crystals arranged in star-shaped clusters, 


Fie. 191.—Stellar phosphate of calcium. x 500. 


hence called Stellar Phosphates (Fig. 191). The crystalline form 
may also occur in faintly acid urines. 

(6) Ammonium-magnesium Phosphate, Triple Phosphate.—When 
urine gets stale and ammonia develops in it, a white sediment and 
a white surface film form. Under the microscope these are seen to be 
made up of large clear crystals like “ knife rests,’ or, if excess of 
ammonia be present, they may look like ‘‘feathery stars.”’ This latter 
type can be easily obtained by adding ammonia to normal urine 
(Fig. 192). 

2. Urate of Ammonia.—This looks like the urate of soda crystals, 
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but is associated with crystals of phosphates, and occurs in an 
alkaline urine. 


3. Carbonates.—In the urine of vegetarians these are not un- 
common. The urine effervesces on adding acetic acid. Micro- 
scopically the sediment is usually amorphous, but may exist as 
biscuit-shaped crystals or as dumb-bells (Fig. 189). 


CHAPTER XVII 
PATHOLOGICAL URINE 


Proteins in the Urine—Albuminuria-Traces of mucin or 
nucleo-protein may be added to the urine in its passage along the 
urinary tract, but otherwise healthy urine does not contain any 
protein. When the kidneys or urinary passages are diseased, 
however, a certain amount of the plasma proteins leaks into the 
urine, where they can be recognised by certain tests, the condition 
being called Albuminuria. 

Also when proteins other than serwm albumin and globulin gain 
access to the blood, they are very often rapidly excreted in the 
urine. It is on this account that albuminuria results after the 
consumption of a large number of raw eggs (egg flip) because the 
intestinal epithelium allows a certain amount of the unchanged 
protein to pass into the blood, where it is foreign (in being egg- 
and not serum-albumin), and is consequently excreted by the kid- 
neys. In certain diseases of bone, a substance somewhat similar 
in its reactions to a proteose is added to the blood and is excreted 
by the urine (Bence Jones’ proteosuria). 

Although globulin may occur along with albumin in the urine, or 
even in some cases independent of it, it is of no practical importance 
to distinguish between them, so that the tests about to be described 
include both bodies. 

The tests employed depend on certain of the reactions described 
under proteins. It is obvious that the colour reactions will not be 
applicable to the urine ; those employed depend on the production 
of coagula. The most important of these are :— 

ExpertmMent I. Heat Coagulation—Place some clear urine in a 
test tube, and boil. A white turbidity or coagulum indicates the 
presence of either albumin or phosphates (earthy phosphates are 
precipitated by boiling). To the boiling solution, whether it show a 
turbidity or not, add 3-4 drops of concentrated nitric acid. If due 
to phosphates, the turbidity will disappear, but will remain if due 
to protein. In nitric acid any acid- or alkali-albumin which the 
urine may contain is insoluble. Where there is doubt as to the 
occurrence of a haze, the test tube should be about three-quarters 
filled, and only the upper layer should be boiled, the test tube 
being meanwhile held low down. By holding it against a dark 
background the slightest haze becomes very evident by this method, 
on account of contrast with the unboiled layer beneath. 
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Fia. 192.—Triple phosphates. x 400. 
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EXPERIMENT II. Heller’s Test.—Place some clear urine in a test 
tube. Hold the test tube in a slanting position, and allow con- 
centrated pure nitric acid to run very slowly down the side, so that it 
forms a layer underneath the urine. Where the two meet, a sharp 
white ring (of coagulated acid albumin) is formed. The test may 
also be done by placing the nitric acid first in the test tube, and 
covering this with the urine slowly delivered from a pipette. The 
ring does not disappear on warming. A similar ring may be obtained 
when proteoses are present, but in this case the ring clears up on 
gently warming the test tube, and reappears on cooling. In warm- 
ing, very great care must be taken that no mixing of the two layers 
occurs. When mucin is present in excess a diffuse haze may be 
produced in the portion of urine next the acid. Certain resin acids 
which may appear in the urine after the administration of such drugs 
as copaiba also give a haze by Heller’s test. Also when the urine 
is very concentrated, acid urates or urea nitrate crystals may develop 
and simulate the reaction. In these cases, the urine should be 
diluted with two or three times its bulk of water, and the test 
reapplied, when very little doubt will remain as to the reaction. 

Salicyl-Sulphonic Acid Test.—This is perhaps the most delicate 
of all the tests. 

EXPERIMENT IIT. Add to about 10 c.c. of urine a drop or two 
of a saturated solution of pure salicyl-sulphonic acid. A white 
precipitate results, which coagulates on boiling. 

This reaction occurs in a dilution of 1-230,000 albumin. The only 
other body with which this reagent produces a precipitate is proteose, 
in which case, however, the precipitate disappears on warming. 

The reagent, if pure, keeps indefinitely. If impure, however, it 
turns red on keeping. It has the great advantage over nitric acid 
in being non-corrosive, and therefore easily carried about. 

There are numerous other tests, but their application is super- 
fluous if the above be properly applied. 

Proteoses are detected by the precipitates produced by nitric and 
salicyl-sulphonic acids clearing up on heating the urine, and returning 
when it is cooled. The so-called ‘‘ proteose”’ in Bence Jones’ 
proteosuria is coagulated by moderate heat, but redissolves on 
boiling the urine. Proteose can best be separated from albumin by 
adding salicyl-sulphonic acid, boiling and filtering. The coagulated 
albumin remains on the filter paper, and the proteose is gradually 
precipitated in the filtrate as it cools. 

Quantitative Estimation of Albumin.—For clinical purposes this 
is done by means of Hsbach’s albwminometer (Fig. 193). The 
determination is made by measuring the depth of the coagulum 
produced by adding to the urine Esbach’s reagent (a mixture of 10 
gms. picric acid and 20 gms. citric acid in 1,000 c.c. distilled water). 

EXPERIMENT IV. Place clear urine, filtered if necessary, in an 
Esbach’s tube up to the mark U. If the reaction be alkaline, render 
slightly acid by the addition of acetic acid ; and if the specific gravity 
be above 1,008 dilute it with water till this density, or something 
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below it, is obtained.1 Now add the reagent up to the mark R. 
Close the tube with a tightly-fitting cork and invert several times, so 
as to mix the fluids thoroughly. Allow to stand in an upright 
position for twenty-four hours, and then read off the graduation 
corresponding to the top of the precipitate. This gives the number 
of grammes of dried albumin per litre of urine used. If the urine has 
been diluted the necessary calculation must be made in order to 
obtain the percentage in the original urine. 

For more accurate estimation of albumin, Scherer’s method is employed. 

EXPERIMENT. Place 50-100 c.c. urine (according to amount of albumin 
init) in a large-sized evaporating dish, and, while stirring, bring to the boil. 
Carefully add a few drops of dilute acetic acid, and allow the coagulum to 
settle down. If the supernatant fluid is opalescent, add a 
little more acetic acid, and bring again to the boil. (Itis 
very important to use as little acetic acid as possible, other- 
wise the protein will not be coagulated in heating.) The 
coagulum must then be collected on a small ash-free filter 
paper which has been dried between watch-glasses at 120° C. 
After being collected on the filter, wash the coagulum with 
boiling water, followed by alcohol and ether, and dry it at 
120° C. until the weightis constant. Since the coagulum con- 
tains considerable ash, the filter and coagulum must now be 
transferred to a weighed crucible, incinerated, and the weight 
of ash deducted from the weight of dried coagulum. 


Mucus, Pus, and Casts in Urine. -When the kidneys 
or urinary passages are diseased, besides protein 
there may be a considerable deposit of mucus in the 
urine. This body has the general properties and solu- 
bilities of mucin (see p. 245), but may consist largely 
of nucleo-protein. Casts also occur in the deposit 
from the urine. When these come from the urinary 
passages, they consist of groups of flattened epithe- 
lial cells. When they come from the kidney tubules, 
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Rote they are tubular and consist of polyhedral cells, 
albumino. SOwing various stages of degeneration. When the 


eion kidneys or urinary passages are infected by micro- 
organisms, pus cells occur in the urine and form 

a deposit. Strong potash dissolves the pus, forming a viscid 
solution. Pus also gives a guaiac test as for blood, but much 
more slowly and not after boiling, which destroys the oxidases to 
which the test is due. The only certain test for pus, however, is to 
examine the urine or deposit with the microscope. The pus cells 
appear as colourless, spherical, highly refractive granular bodies, 
about 9 « in diameter, the nuclei of which can be stained by adding 
dilute methylene blue. The urine is usually acid when the pus 
comes from the kidney, and alkaline when the pus comes from the 
bladder, due to the decomposition of urea and ammonium carbonate. 


Heemoglobin in Urine.—This may be due to bleeding from the 
kidneys or urinary passages, when it is called hematuria, or to 


1 These corrections should be made before the urine is measured into the 
Esbach’s tube. 
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excretion of hemoglobin or methemoglobin from the blood plasma 
by the kidneys, called respectively hemoglobinuria and methemo- 
globinuria. 

Tn any case the tests for hemoglobin can be applied. The guaiac 
test, which is very sensitive, should be applied after boiling the 
urine to destroy oxidases. The spectroscopic examination is also 
eee when an adequate depth of urine is employed (see 
p. : 

Heematuria is distinguished by the smoky appearance of the 
urine and by examination of the urine, or deposit on centrifugalising, 
when red blood corpuscles are seen. The spectroscope nearly 
always shows the presence of oxyhemoglobin. Blood from the 
kidney is mixed with the urine. That from the bladder is often 
present as a clot. If the red corpuscles have disintegrated, the 
urine will present the appearance of hemoglobinuria. If the urine 
is stale, methemoglobin may be present. 


In Heemoglobinuria and Methemoglobinuria red blood corpuscles 
are not seen, and the urine is clear, not smoky. The two conditions 
are distinguished by the colour of the urine and by the spectroscope. 

EXPERIMENT V. Test the urine supplied for blood and hemo- 
globin. 

Bile in Urine.—When the bile duct is blocked by a calculus, or 
its mucous membrane is swollen from catarrh, the bile, which 
accumulates in the bile channels, is reabsorbed into the blood- 
vessels and carried to the tissues, which become stained with bile 
pigment. Under these conditions the urine contains bile con- 
stituents, the most easily recognised of which are the bile pigments. 

Exprrm™ent VI. Apply Gmelin’s test (see p. 281) to the urine 
of a jaundiced patient. Where only a small quantity of bile pig- 
ment is present it is better to concentrate the pigment by proceeding 
as follows :— 

Add ealcium chloride solution to the urine, and then sodium carbonate 
solution, so as to form a precipitate of calcium carbonate and phosphate, 
which carries down the pigment ; filter off the precipitate and dissolve it in 
as small a volume of hot dilute hydrochloric acid as possible ; apply Gmelin’s 
test to this solution. 


Also apply Hay’s sulphur test for bile salts (see p. 280). 

Sugars in the Urine.—Although the presence of sugar in the 
urine is normally associated with the disease known as diabetes 
mellitus, it must not be forgotten that every case of glycosuria is 
not of necessity a case of diabetes. The relation of the blood sugar 
content (see p. 360) to the urinary condition is of prime importance. 
Further, there are always traces of sugar to be found in perfectly 
normal urine quite apart from the reduction which may take place 
with Fehling’s solution, for example, due to the presence of creatin- 
ine, uric acid, urochrome, etc. 

The other sugars which the urine may contain are lactose and 
pentose. The former of these is sometimes found in the urine of 
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nursing mothers, and the latter may appear in the urine when 
pentoses are given in the food. 

Tests for Dextrose in the Urine.—The tests for dextrose, as described, 
can, with slight modifications, be applied to its detection in urine. 

The most important of these are :— 

Exprrmment VII. Fehling’s Test-Boil 5 c.c. of Fehling’s 
solution in order to ascertain that the Rochelle salt which it con- 
tains has not decomposed into reducing bodies. If no reduction 
occur, add a drop of the suspected urine and boil again. If no 
result, go on adding small quantities, boiling between each addition, 
till 5 e.c. have been added. 

Fehling’s test is quite satisfactory, when sugar is present in 
considerable quantity. When the amount of reduction is small, 
however, it may be due to the presence of other substances than 
sugar. In such cases the following tests 
should be applied, as they are positive for 
sugars only. 

ExpermMeEnt VIII. Benedict's Test. To 
5 c.c. Benedict reagent (p. 251) add a few 
drops of the suspected urine and boil hard 
for several minutes. If sugar is present 
reduction takes place. Colour may vary, 
depending on the amount of sugar present, 
from greenish to red. 

Though not so delicate, the following 
tests are valuable, in that they indicate the 
nature of the sugar :— 

EXPERIMENT IX. 1. The Fermentation 
T'est.—Place some diabetic urine in a small 
beaker, and boil it on a sand bath for ten 
minutes, to expel any air it may contain. 
Cool the urine and test its reaction; if 

Fira. 194.—Ureometer. alkaline, render faintly acid with a weak 
solution of tartaric acid. (This precaution 
is necessary in order to prevent putrefaction, which would lead to 
the evolution of ammonia.) Add a small piece (about the size of 
a split pea) of yeast, and stir it in the urine until a milky solution 
is obtained. Now transfer the fluid to a Doremus ureometer so 
that the upright limb is completely filled with fluid. Place this in 
an incubator, or in a warm place, as on the mantelpiece, overnight, 
when it will be found that gas—carbon dioxide—has collected in 
the upper portion of the vertical limb. 

Two control tubes—one with a weak solution of dextrose and 
yeast, the other with normal urine and yeast—should be arranged 
so as to prevent any fallacy due to inactive or impure yeast. If 
the amount of sugar present be very small, the fermentation test 
may give a negative result. 

Lactose and pentose do not give a positive result by this test. 
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_ 2. The Phenyl Hydrazine Test—The method of employing this 
is described on p. 253. The obtaining of characteristic dextrosazone 
crystals is positive evidence of the presence of dextrose ; glycuronic 
acid (p. 322) also gives crystals, but less readily. 


Estimation of Dextrose in Urine-——The polarimeter (see p. 255) 
may be employed for the estimation of dextrose in urine. The main 
objection to its use is that optically active bodies besides dextrose, 
e.g. glycuronic acid and oxybutyric acid, which are levo-rotatory, 
occur in diabetic urine, and therefore to a certain extent vitiate 
the result. The other method is to determine the reducing power 
of the urine. 

Fehling’s Method.—The standard solution contains 34-64 gms. pure 
crystallised copper sulphate, 180 gms. Rochelle salt and 70 gms. 
caustic soda per litre. 10 c.c. of this solution are equivalent to 
0-05 grm. dextrose. 

The urine is diluted exactly 10 or 20 times according to the 
amount of sugar present and placed in a burette. 10 c.c. of the 
standard solution are measured with a pipette into a porcelain 
basin, diluted with 40 to 50 c.c. water and heated to boiling. The 
solution is kept just boiling, and the diluted urine run in carefully 
with stirring, until the blue colour of the solution has just dis- 
appeared. From the volume of diluted urine required in the 
titration the amount of dextrose in grammes present in 100 c.c. 
of the original urine is calculated. Several determinations must be 
made. A flask heated on a water-bath may be substituted for the 
basin in order to minimise the risk of oxidation of cuprous oxide. 

Either of the two following methods may be used. They are 
both easy to carry out and both give excellent results. They are 
to be preferred to the Fehling method. 

1. Folin’s Method.—Reagents. (1) Copper sulphate solution 
containing 59 gms. CuSO,,5H,O and 2 e.c. of concentrated sul- 
phuric acid per litre (to prevent precipitation of copper hydrate by 
traces of alkali from the glass bottle). (2) Saturated solution of 
sodium carbonate containing 14-20 per cent. Na,CO,;. (3) Alkaline 
phosphate mixture. Mix thoroughly in a mortar 200 gms. crystal- 
lised disodium phosphate (Na,HPO,12H,O) and 50 gms. of 
sodium (or 60 gms. potassium) thiocyanate. To the semi-liquid 
paste which is formed add 100-110 gms. anhydrous sodium carbonate 
and mix until the compound forms a granular powder. Keeps 
indefinitely, but should be kept in stoppered bottles. Folin recom- 
mends that the small 5 c.c. burette used for holding the sugar 
solution should be provided with a fine accessory tip attached by 
rubber tubing to the burette so that the drops will be small and 
uniform. 

Measure out approximately 5 gms. (not less than 4:5 gms. nor 
more than 5-5 gms.) of the phosphate mixture into a large (boiling) 
test tube which already contains 5 c.c. of the copper solution and 
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le.c. of the carbonate solution. Heat gently about 60°, with shak- 
ing, until all the salts except for a few isolated particles of sodium 
carbonate have dissolved. A practically clear solution is usually 
obtained in less than one minute. Add a glass bead to prevent 
bumping when heating with sugar. 

From the filled sugar (or urine) burette add about 0-5 c.c. to 
the warm clear copper solution, boil very gently—by moving the test 
tube to and fro through the flame—for two minutes by the watch. 
If all the copper is reduced (blue colour completely disappears) 
the urine contains over 5 per cent. sugar and the determination 
must be repeated with a more dilute solution. If, however, the 
contents of the test tube are but slightly reduced yielding only 
a small precipitate of cuprous sulphocyanate, a further amount of 
sugar solution may be added: boil gently for one minute. Repeat 
the additions of sugar and the boiling for one minute until complete 
reduction has taken place. Confirm the result by a repetition, 
the first addition of sugar solution or urine being only 3 or 4 drops 
less than the full amount required, boil for three minutes, then 
add the rest of the urine a drop at a time till complete reduction. 
Boil for one minute after each addition. The total boiling period 
for a correct titration must not be less than four nor more than 
seven minutes. But the preliminary titration may last for eight 
to nine minutes, and if the boiling process has been gentle the result 
will be then only about 1 per cent. too high. 

Calculation 2-5 divided by titration figure in c.c. = per cent. 
glucose present. 

End point is very sharp with pure dextrose solutions, with urine 
the end point is the transition from a greenish to a yellow (pale) 
colour. 

2. Benedict’s Method.—Dissolve by the aid of heat in about 
600 c.c. of water, 200 gms. sodium citrate, 100 gms. anhydrous 
sodium carbonate, and 125 gms. potassium thiocyanate, cool, filter, 
make up to about 800 c.c. with water. Pour into this solution 
very carefully and with constant stirring a solution (100 c.c.) con- 
taining exactly 18 gms. pure copper sulphate (CuSO,,5H,O) 
prepared in a litre flask. Then pour the mixed solution back into 
the measuring flask (which contained the copper solution) without 
loss, add 5 c.c. of a 5 per cent. solution of potassium ferrocyanide 
(to prevent any precipitation of cuprous oxide) and make up the 
total volume to 1,000 c.c. with the rinsings of the beaker used to 
mix the two solutions. 

Measure 25 c.c. of the reagent into a 150 c.c. flask or a porcelain 
basin; add about 4 gms. anhydrous sodium carbonate, heat to 
boiling and whilst boiling run in the sugar solution (or urine) until 
the blue colour completely disappears. The addition of the sugar 
solution should be at such a rate that the boiling solution is kept 
nearly constant in volume during the operation. If the urine con- 
tains a large amount of sugar it should be diluted so that not less 
than 10 c.c. will be required to reduce the 25 c.c. of reagent employed. 
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Calculation —5 divided by volume of sugar solution used = per 
cent. sugar. 


Amount of sugar which reduces— 


10 c.c. Fehling. | 25 c.c. Benedict.| 5 c.c. Folin. 
Glucose . 0-05 gm. 0-05 gm. | 0-025 gm 
Lzvulose 1) 0-062: %,, 0-052 ,, 0-025 ,, 
Lactose nem tei". 0-067 ,, 0-067 ,, | 0-0404 ,, (anhydrous) 
Maltose . pee ta O<O0 74g 0-074 ,, | 0-045 ,, ( =p ) 


Normal human urine has an average reducing power equivalent to 
about 0-2 per cent. dextrose. Of this reducing power about 18 per 
cent. is due to dextrose, 8 per cent. to uric acid (see p. 305), and 
25 per cent. to creatinine (see p. 305), the remaining 50 per cent. 
being probably due to urochrome. Furthermore, the colour of 
urine renders the end-point of the titration much more uncertain 
than when a watery solution of dextrose is employed. 

Sometimes the urine contains pentose (i-arabinose). In such cases 
it reduces but does not ferment with yeast ; it gives Tollen’s test 
(p. 369). 

The presence of le@vulose is revealed by Seliwanoff’s test (p. 251). 
It must not be forgotten that many urines give a definite red colour 
on heating with concentrated hydrochloric acid alone. 


The Acetone Bodies in Urine.—These substances are :— 
(1) B-oxybutyric acid, CH, .CHOH .CH,. COOH. 
(2) Aceto-acetic acid, CH;.CO.CH,.COOH. 

(3) Acetone, CH,.CO.CH,. 


Aceto-acetic acid is an oxidation product of f-oxybutyric acid. 
Acetone is formed from aceto-acetic acid by the loss of carbon 
dioxide. A solution of aceto-acetic acid partially decomposes to 
acetone at ordinary temperatures. On boiling the decomposition 
becomes complete. 

Acetone is present in minute traces in normal urine. All three 
bodies make their appearance in human urine when fat is being 
metabolised at an unusually rapid rate. They are present there- 
fore in the urine of severe cases of diabetes, in the urine of starvation, 
and in the urine of many people when the carbohydrate of the diet 
is reduced below 70 gms. per diem. Under these conditions the 
amount of the acetone bodies is increased by exercise, 

EXPERIMENT X. Tests for Acetone. Legal’s Test.—Add to the 
urine in a test tube a few drops of a fresh solution of sodium 
nitroprusside and then caustic soda solution till definitely alkaline. 
A permanent red colour develops. which becomes deeper and assumes 
a purplish tint on acidifying with strong acetic acid. (Compare 
with test for creatinine.) 


Rothera’s Test.—Add a few drops of sodium nitroprusside solu- 
Y 
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tion, ammonia till alkaline, and saturate the liquid with ammonium 
sulphate crystals. A deep colour similar to that of permanganate 
develops and reaches its maximum in fifteen minutes. This test 
is more sensitive and distinctive than Legal’s. It is also more 
sensitive for aceto acetic acid. 

Iodoform Test.—Distil a few c.c. of the urine with afew drops of 
dilute sulphuric acid. To the distillate add a few drops of iodine 
in potassium iodide solution and caustic soda till the iodine colour 
disappears. Iodoform is precipitated, and is detected by the 
characteristic smell. 

ExpERIMENT XI. Test for Aceto-acetic Acid.—To the urine add 
ferric chloride solution in excess of that required to precipitate the 
phosphate present. A deep red colour in the solution indicates the 
presence of aceto-acetic acid. (Carbolic acid and salicylic acid and 
many other substances in the urine give a very similar colour. As 
these substances are however in the majority of instances not 
destroyed by boiling, and aceto-acetic acid 7s converted into acetone 
on boiling, it is obvious that it is not difficult to confirm the reaction.) 


OH 
Homogentisic Acid is di-oxyphenyl-acetic acid C,H, OH It 
\CH,COOH. 

reduces Fehling’s solution. When present, as in alkaptonuria, it causes the 
urine to become of a dark-brown colour on standing, or this change in colour 
may be hastened by adding some alkali. It can be easily separated from 
the urine by adding a solution of lead acetate, filtering off the precipitate of 
inorganic salts which at first forms and allowing the filtrate to stand, when 
large needle-shaped glancing crystals of the lead salt separate out. If these 
be collected and treated with sulphuretted hydrogen, so as to remove the 
lead, the acid is obtained in a pure state. 


Glycuronic Acid.—Chemically this is dextrose in which the end—CH,OH— 
group has become oxidised to form COOH, or carboxyl. It has, accordingly, 
the formula COOH—(CH.OH),—CHO. Itis an intermediate body in the 
metabolism of dextrose, and usually becomes further decomposed in the 
organism, to yield carbon dioxide and water. Sometimes, however, it unites 
with the aromatic bodies (phenol, scatol, etc.) absorbed from the intestine 
to form a salt. In this combination it takes the place of sulphuric acid (see 
p. 308). In very small amount, it seems to be always present in the urine, 
but under certain conditions (as after the administration of certain drugs) 
it becomes increased to such an extent as to impart to the urine a very con- 
siderable power of reducing metallic oxides in alkaline solution. When this 
is the case it is apt to be confused with dextrose. The only absolute test 
whereby it may be distinguished from dextrose is that it does not ferment 
with yeast. It gives the pentose reactions. 


ADVANCED AND QUANTITATIVE 
METHODS 


CHAPTER XVIII 
QUANTITATIVE EXAMINATION OF URINE 


Estimation of Total Nitrogen by Kjeldahl Method.—Pipette off 5 c.c. of 
the urine into a 300 c.c. combustion flask, add 10 to 15 c.c. N.-free 
H,SO, and a small piece of copper foil (2-3 mm. square). Heat this 
mixture in a fume chamber, carrying on the combustion until the 
solution is colourless, then allow to cool. Now transfer the cold colour- 
less solution to a 1,000 c.c. distilling flask of hard glass, washing out the 
combustion flask thoroughly with distilled water until the total volume 
in the distilling flask is about 500 c.c. Adda drop or two of alizarin red 
solution (a 1 per cent. solution in water of sodium alizarin sulphonate) 
and then almost neutralise the contents with strong (40 per cent.) 
NaOH solution, cool. Measure 50 e.c. of N/10 H,SO, into an Erlen- 
meyer or other suitable flask of about 500 c.c. size, add a few drops of 
alizarin red solution and place below the condenser, taking care that the 
connecting tube dips below the surface of the acid. (Indicator is added 
at this stage so that if too little acid has been taken to neutralise the 
NH, distilled over early evidence may be obtained and more acid can 
be added.) Now make the contents of the distilling flask distinctly 
alkaline by a further addition of caustic soda, care being taken not to 
add a huge excess, and immediately connect with the condenser. The 
bunsen below the distilling flask is now lighted and the distillation 
continued until all the ammonia has distilled over: this requires about 
half an hour. The addition of a few pieces of porous earthenware or of 
granulated zinc to the distilling flask before it is finally made alkaline 
assists materially in the prevention of bumping. When the distillation 
is ended the distilling flask is removed and the condenser tube is 
well washed down with distilled water into the flask containing the 
N/10 H,SO, When cool this acid is titrated with N/10 NaOH and 
the difference between the amount of N/10 alkali in c.c. required to 
neutralise completely the N/10 acid remaining and the amount of 
N/10 sulphuric acid originally taken gives the amount of ammonia 
(or nitrogen) distilled over. 
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Exampig. If 50 c.c. N/10 H,SO, be taken in the first instance 
and if at the final titration 25 c.c. N/10 NaOH are required, then 


50c.c. — 25c.c. = 25 c.c N/10 H,SO, neutralised by the NH, evolved. 
25 c.c. N/10 H,SO, = 25c.c. N/10 NH, = 25c.c. N/10 N 
and as 1 c.c. N/10 N = 0-0014 gm. N 


then in 5 c.c. urine there is 25 x 0-0014 = 0-035 gm. N, and therefore 
in 1,500 c.c. 10:5 gms. N. 

Preparation of Urea from the Urine——Take about 50 c.c. urine in 
a porcelain basin and evaporate to dryness on the water bath. As soon 
as it is dry turn out the flame heating the bath, add about 10 c.c. acetone 
and allow the extraction to continue on the warm water bath for several 
minutes. Pour off the hot acetone extract, filtering through glass wool, 


Fie, 195, 


into a large dry clock glass or glass evaporating basin. Urea crystallises 
out in long silky needles. It can be purified if desired by recrystallisa- 
tion from alcohol. The yield obtained is about 1 grm. per 50 ¢.c. urine. 

Estimation of Urea, Urease Method.—Soja beans contain a specific 
enzyme urease which rapidly and quantitatively decomposes urea at a 
low temperature into carbonic acid and ammonia. 

Method of Estimation.—The following modification, devised by 
Wishart, of the ordinary urease method, has been found to give reli- 
able results. 

The ordinary ammonia-absorption apparatus is modified as shown in 
the diagram. The constrictions in all three tubes should be placed at 
such a level that the capacity of the lower bulb is about three times 
the volume of the liquid within it. If this precaution be taken the use 
of toluol is unnecessary in most cases. 
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To complete the experiment in the times given the pump used should 
be capable of drawing air through the apparatus at a rate of not less 
than 5} litres per minute. Water bath temp. 40° C. 

Into tube A place 20 ¢.c. water, 5 c.c. urine, and 3-5 gms. Soja bean 
meal (varying amounts are required according to the condition of the 
bean ; a slight excess will not vitiate the result). Mix the contents 
of the tube and insert the central tube and glass beads as shown, 
immerse bulb in water bath, then connect up to collecting tubes con- 


Wash-bottle containing 
Ailute Mz SO, 


Fie. 196. 


taining a known amount of decinormal acid. Start the pump and 
introduce about 2 c.c. of a saturated solution of sodium carbonate from 
a pipette by holding the nozzle of the pipette at X and opening the clip. 
Close the clip and aerate for forty minutes. _ 

Calculation——The amount of decinormal acid neutralised by the 
liberated ammonia less the amount neutralised by the preformed 
ammonia in the urine (which must be determined by separate experi- 
ment) multiplied by 0-003 gives in grammes the amount of urea in the 
urine used. For ammonia determination, see p. 330, 
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A smaller apparatus with tubes of about 100 c.c. capacity, and using 
fiftieth normal acid, has been found useful for estimating small amounts 
of urea. The quantities for this apparatus are 5 c.c. of urea-containing 
fluid (content not more than 10 mgms. urea) ; 1 gm. Soja bean meal ; 
and } c.c. saturated sodium carbonate solution. Aeration with the 
small apparatus is complete in twenty minutes. 

Since the time required for complete liberation of the ammonia 
depends on the velocity of the air-current and the amount of Soja bean 
meal added, it is well to determine that all conditions are correct by 
doing one estimation on a solution containing a known amount of urea. 
The Soja bean meal liberates a certain small amount of ammonia itself, 
so that, for accurate work, it is necessary to estimate this by doing a 
blank experiment using water in place of urea solution. 

Folin Method.—Sometimes it is convenient and useful to use an acid 
hydrolysis method, such as that introduced by Folin, where the urine 
is heated to 150°-160° C. in the presence of an acid. 

Weigh 20 gms. of crystallised magnesium chloride into an Erlenmeyer 
flask (250-300 c.c. capacity), then add 5 c.c. urine, 6 c.c. concentrated 
HCl, a small piece of hard paraffin wax or a few c.c. of liquid paraffin and 
finally a drop or two of an aqueous solution (1 per cent.) of alizarin red. 
A special safety tube (a U-shaped condenser) is then inserted in the 
mouth of the flask and then the mixture is boiled, best on a hot plate, 
until distinct “‘bumping’’ commences. The heat is then lowered 
until each drop as it falls back (about three times a minute) into the 
flask causes a slight bump. Heating is continued for at least two hours. 
If the indicator shows any appearance of a red colour during the 
hydrolysis a few drops of the acid distillate in the condenser must be 
returned to the flask by tilting the condenser. When the hydrolysis is 
complete the contents of the Erlenmeyer are transferred to a distilling 
flask, as in the Kjeldahl method, and after rendering just alkaline with 
caustic soda the ammonia is distilled off. Deduct the value for ammonia 
which must also be determined (see p. 330). 


lec. N/10 H,SO, = -003 gm. urea = -0014 gm. urea nitrogen. 


This method serves excellently for the indirect estimation of allantoin 
as both urea and allantoin if present are hydrolysed under the above 
conditions, whereas by the urease method urea alone is attacked. 
Therefore if the amount of nitrogen obtained by the urease method is 
deducted from the yield by the acid hydrolysis method the difference 
may be assumed to be due to allantoin. 


Estimation of Uric Acid. Hopkins-Folin Method.—Reagent neces- 
sary. (1) Uranium solution ; 500 gms. ammonium sulphate, 5 gms. 
uranium acetate and 60 ¢c.c. 10 per cent. acetic acid in 650 ¢.c. water. 
(2) N/20 potassium permanganate. (3) 10 per cent. ammonium sul- 
phate solution. 

100 c.c. urine is measured into a tall, narrow cylinder and 25 ¢.c. of the 
uranium solution is added in order to precipitate mucoid substances. 
The mixture is allowed to stand without stirring for about half an hour. 
The uranium precipitate has then settled and the clear supernatant fluid 
may be removed by decantation (filtration if necessary). 100 c.c. 
(= 80 c.c. urine) of this fluid is measured into a beaker, 5 c.c. of strong 
ammonia added, and the mixture allowed to stand overnight. The 
precipitate is then filtered off, washed with 10 per cent. ammonium 
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sulphate solution until chloride free. The amount of 10 per cent. 
ammonium sulphate solution used in washing the precipitate should 
not exceed 100 c.c. The filter paper is removed from the funnel, un- 
folded, and the precipitate washed back into the beaker with water, 
the filter paper and enough water to make about 100 c.c. added. The 
precipitate is now dissolved by the addition of 15 c.c. concentrated 
H,SO, and at once, whilst warm (temperature should be about 60° C.), 
titrated with N/20 potassium permanganate solution.!_ The end point 
is the first appearance of a pink colour, which persists for just over 10 
secs. 


1 c.c. N/20 potassium permanganate = 3-75 mgms. uric acid. 


A correction of + 2:4 mgms, due to the solubility of ammonium urate, 
is added to the result. A blank titration on 100 c.c. water, 15 ¢.c. conc. 
sulphuric acid and a filter paper similar to the one used in the deter- 
mination should always be done. 

Folin and Wu Colorimetric Method.—Transfer 1-3 c.c. of urine, 
according to concentration, to a centrifuge tube and add water to a 
volume of about 6c.c. Add 5 c.c. of a silver lactate solution (5 per cent. 
silver lactate and 5 per cent. lactic acid) and stir with a fine glass rod. 
Rinse off the rod with a few drops of water. Centrifuge hard for two to 
three minutes. Add a drop of silver lactate solution to make sure an 
excess 1s present ; if a precipitate (of AgCl) is formed add 2 c.c. more of 
the silver solution and centrifuge again ; if no precipitate forms pour off 
the liquid as completely as possible. 

To the precipitate in the centrifuge tube add, from a burette, as it is 
very poisonous, 4 c.c. of a 5 per cent. sodium cyanide solution. Stir the 
mixture until the precipitate is completely dissolved. Rinse the stirring 
rod, collecting the rinsings in a 100 c.c. graduated flask; pour the 
contents of the centrifuge tube into the same flask and rinse the tube 
three times with about 5c.c. water. Add 5c.c. of a 10 per cent. sodium 
sulphite solution (to balance the sulphite in the standard uric acid 
solution) and dilute to a volume of about 40 c.c. In another 100 c.c. 
flask place 5 c.c. of a standard uric acid sulphite solution containing 
0:5 mg. of uric acid ; add 4 ¢.c. of cyanide solution and about 35 c.c. of 
water. Then add 20 c.c. of 20 per cent. sodium carbonate solution to 
each flask and finally add with shaking 2 c.c. of the uric acid phospho- 
tungstic reagent.2 Allow to stand three to five minutes, fill to the 
mark and mix. 

Set the standard uric acid solution at 20 mm. in both colorimeter cups 
and adjust the colorimeter until the two fields are exactly alike. Then 
empty one of the cups, rinse it out with the urine sample to be tested, fill 
and compare against the standard uric acid solution. 

Calculation: Since the standard is only 0:5 mg., 10 divided by the 
reading of the unknown (in mm.) gives the amount of uric acid (in mg.) 
in the volume of urine taken. 

Be careful to pour the discarded blue uric acid cyanide mixtures 


1 N/20 potassium permanganate = 1-581 gms. KMn0O, dissolved in water 
and made up to one litre. : 

2 Preparation of uric acid reagent. Into a litre flask introduce 750 c.c. 
water, 100 gms. sodium tungstate and 80 c¢.c. phosphoric acid (85 per cent. 
H,PO,). Put a small funnel with a watch glass in the mouth of the flask 
to act as a condenser, then boil gently for two hours. Cool and dilute to 


1,000 c.c. 
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directly into the drain pipes of the sinks to avoid all risk of generation 
of HCN. 

Standard uric acid solution. Dissolve ina 500c.c. flask exactly 1 gm. 
of uric acid in 150 c.c. of water by the aid of 0-5 gm. lithium carbonate. 
Dilute to 500 c.c. and mix. Transfer 50c.c. to a litre flask : add 500 c.c. 
of 20 per cent. sodium sulphite solution ; dilute to 1,000 c.c. and mix. 
Transfer to small bottles (200 c.c.) and stopper tightly. In unopened 
bottles this solution keeps almost indefinitely, in opened bottles it 
remains good for two to three months. 


Estimation of the Total Purine Bodies. Modified Camerer’s Method.— 
Principle. —Ammoniacal silver nitrate, in the presence of neutral salts, 
or, better, of magnesium mixture, combines with all the purine bodies 
to form an insoluble salt of definite composition. The nitrogen in 
this can be estimated by Kjeldahl’s method, and the result expressed 
as total purine nitrogen. This method is exceedingly useful in studying 
the metabolism of purine bodies. 

Solutions Necessary.—1. Magnesia mixture. This consists of crystal- 
lised magnesium chloride 110 gms., ammonium chloride 110 gms., 
and -880 ammonia 284 c.c., made up with water to 1,000 c.c. 

2. Ammoniacal silver nitrate. Dissolve 26 grs. silver nitrate in 
about 300 c.c. water, add ammonia to this until the precipitate of silver 
oxide, which first forms, redissolves. Dilute the solution to 1,000 c.c. 

3. Kjeldahl’s apparatus and solutions (see p. 323). 

Determination.—240 ¢.c. protein-free urine are mixed with 30 c.c. 
magnesia mixture, and 30 ¢c.c. of a 20 per cent. ammonia solution. This 
process is best done in a measuring cylinder. After the precipitate has 
settled, which it does in a few minutes, it is filtered through a dry folded 
filter and two portions of the filtrate are taken amounting to 125 ¢.c. each. 
Each of these corresponds to 100 c.c. of the original urine. They are 
both treated in exactly the same way, and should yield similar results. 
Each is mixed with 10 ¢c.c. ammoniacal silver nitrate, and the mixture, 
after the precipitate has settled somewhat, filtered through an ash-free 
filter paper (of 10 cm. diameter). The last traces of the precipitate are 
removed from the beaker by means of weak ammonia water. The next 
stage consists in washing the precipitate with distilled water at 60° until 
it is free from ammonia, as the presence of this would vitiate the 
determination of the nitrogen. In order to do this, the precipitate 
should be allowed to stand exposed to the air overnight so that it may 
become partially dried, in which state the washing with water is much 
easier than when the precipitate is moist, for then it forms a gummy 
mass. The washing must be continued until the washings no longer 
react alkaline to litmus. In order to remove the last traces of ammonia, 
the filter paper, with the precipitate on it, is carefully removed to a 
Kjeldahl’s combustion flask ; about 50 c.c. of water and a little (0-5 gm.) 
magnesium oxide are added. The mixture is then boiled, whereon 
the magnesia expels the ammonia. The boiling is continued until 
only about 10 c.c. of fluid remain, and then 20 ¢.c. sulphuric acid, etc., 
are added, and the nitrogen determined in the usual way. 

Estimation of Creatinine. olin’s Method—The urine must be free 
from aceto-acetic acid and hydrogen sulphide, and must contain not 
more than traces of acetone. Measure 10 c.c. urine with a pipette 
into a 500 c.c. graduated flask. Add 15 c.c. saturated aqueous 
picric acid solution (about 1-2 per cent.) and 5 ¢.c. 10 per cent. caustic 
soda solution. Mix and allow to stand for five minutes. Fill up the 
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flask to the 500 c.c. mark, and mix well. By means of a Duboseq or other 
suitable colorimeter determine the depth of liquid required to give in 
daylight an intensity of colour exactly equal to that given by a depth of 
8 mm. of a solution containing 24:55 gms. pure potassium bichromate 
per litre. (If pure creatinine zinc chloride is available a better standard 
is prepared by dissolving 1-6106 gms. of the salt in water in a litre flask, 
add 100 ¢e.c. N/1 HCl and makeup to 1,000c.c.; 1 ¢.c. contains 1 mg. 
creatinine.) The readings of the colorimeter, of which several should be 
taken, should be completed within twenty minutes of the dilution, as 
the reaction liquid 
frequently fades. 
The zero of both 
sides of the colori- 
meter should be 
tested, and itis as 
well to practise the 
use of the colori- 
meter by employ- 
ing the standard 
solution on both 
sides before 
determining the 
creatinine. The 
readings in the 
creatinine deter- 
mination should 
not differ by more 
than 0:3 mm. If 
the average read- 
ing is less than 5 
mm., the urine 
should be care- 
fully diluted and 
another deter- 
mination made ; 
if above 13 mm., 
20 c.c. urine in- 
stead of 10 c.c. 
should be em- 
ployed. Fria. 197.—The Duboscq Colorimeter. 
The result of 
the determination is calculated from the formula :— 


10 x 8-1 
Lae oa 


Where x is the quantity of creatinine in milligrammes in the volume of 
urine employed, and a is the colorimeter reading in millimetres. The 
amount of creatinine is inversely proportional to the colorimeter reading. 
The formula depends on the fact that, when 10 mg. of pure creatinine 
was employed for a determination, the colorimeter reading, against 
8 mm. of standard bichromate, was 8-1 mm. 

To get rid of aceto-acetic acid, if present. Graham and Poulton have 
shown that aceto-acetic acid is converted by heat into acetone which 
can then be readily removed. To 10 c.c. of the urine to be tested add 
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1 c.c. of a 10 per cent. solution of phosphoric acid. The test tube is 
then fitted with a cork carrying a capillary tube and outlet tube, put 
into a water bath at 65°-70°, connect with the water-pump and run 
water so as to maintain a pressure of about 210 mm. of mercury. Allow 
to run for about three-quarters of an hour. Temperature of bath not 
to exceed 70°. At the end of the heating period, stop suction, cool the 
test tube under the tap, add a sufficient amount of previously 
standardised soda solution to neutralise exactly the phosphoric acid 
added, then transfer to a measuring cylinder and make up to 20 c.c. ; 
2 ¢.c. of the solution correspond to 1 c.c. of the urine. 


Estimation of Creatine.—Place in a small flask 10 ¢.c. urine and 
5 ec. N/1 HCL. 
Cover the mouth 
of the flask with 
tinfoil and heat 
in the autoclave 
at 1152 120° for 
twenty minutes. 
If no autoclave is 
available the flask 
with small filter 
funnel condenser 
may be heated on 
a water bath for 
four to five hours. 
Cool to room 
. temperature. 
Add sufficient 
caustic soda to 
neutralise the 
acid added, 15 
cc. picric acid 
solution and 5 
c.c. 10 per cent. 
caustic soda. 

ates Uf S UH) ese Allow to stand 
an a lel I = ies | §=6for five minutes. 

——— —— ne =i Wash the con- 
tents of the flask 
into a 500 c.e. 
flask, make up to 
500 ¢c.c., and proceed as for creatinine. The difference between this 


result and that for creatinine previously determined represents the 
amount of creatine present. 


] 
nea gate 


Fre. 198.—Folin’s apparatus for estimating ammonia. 


Estimation of Ammonia. Folin Method.—25 c¢.c. urine are placed 
in a long tube or cylinder, add 8-10 gms. sodium chloride or potassium 
oxalate and 5 c.c. liquid paraffin (to prevent excessive frothing) and 
finally 1 gm. anhydrous sodium carbonate. The tube or cylinder is 
connected on one side with the air, which may be first passed through a 
wash bottle, and on the other side with a flask or tube containing 20 c.c. 
N/10 H.SO, to absorb the ammonia liberated. It is well to add a few 
drops of a 1 percent. solution of alizarin red to the N/10 acid to act as 
indicator in case more ammonia is liberated than the amount of acid 
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used can absorb. Air is then made to pass rapidly through the urine 
either by means of a blower or a good suction pump for one and a half 
to two hours. The absorbing acid can then be titrated as usual with 
N/10 NaOH. lec. N/10 H,SO,=0°0017 gm. NH. 

The vacuum distillation methods of estimating ammonia in urine 
are more accurate than Folin’s and much more rapid. 

Many methods have been used. The method here described is the 
one introduced by Shaffer. Place 50 c.c. urine in a round-bottom 
} litre flask A (Fig. 199), add 20 gms. sodium chloride to prevent 
decomposition and 50 c.c. methyl alcohol to reduce the boiling point of 
the mixture. In flask B place 50c.c. or less N/10acid and in C 10 c.c. 
N/10 acid, diluted in both cases with a little water. The flasks may be 
tilted obliquely, and should be large enough to prevent loss of acid by 
spraying during the violent commotion which is set up by the rapid 
passage of steam. If such loss should occur, the acid may be recovered 


Fic. 199.—Shaffer’s method of estimating ammonia in urine. 


by rinsing out the flask D. When the apparatus is ready, 1 gm. of 
dry sodium carbonate is added to the liquid in the flask A, the stopper 1s 
rapidly inserted and the suction started. The pump will quickly 
reduce the pressure to about 30 mm., and the liquid in A, which is 
warmed up to about 40°C. in a water bath, will begin to boil. The 
temperature of the bath must be maintained and should not be allowed 
to rise above 50° C. for fear of decomposing urea. When the boiling has 
continued for fifteen minutes, all the ammonia will have been given off 
and the operation is stopped by slowly jetting in air by the stop-cock a. 
The acid in B and C is titrated, after a few drops of a 1 per cent. 
solution of alizarin red have been added as the indicator. Instead of 
adding the alcohol all at once a side tube with stop-cock may be con- 
nected with flask A so that alcohol can be added as required to keep 


excessive frothing in check. 


Estimation of Amino Acids. Sérensen’s Method.—Measure 50 ¢.c. 
urine into a 100 c.c. measuring flask, then add 1 c.c. phenolphthalein 
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solution (0-5 per cent.) and 2 gms. solid BaCl,. After shaking, add 
a saturated solution of baryta until a definite red colour is produced 
and then 5 c.c. in addition. Fill up to the mark with water, shake 
well and allow to stand at least fifteen minutes before filtering 
through a dry filter. 

80 c.c. (= 40 c.c. urine) of the clear red filtrate are placed in another 
100 c.c. measuring flask and N/5 HCl added until the solution is definitely 
acid to litmus then filled up to the mark with water. Of this solution 
two lots, A and B, of 40c.c. are taken, A for estimation of the ammonia 
either by Folin’s method or preferably by the vacuum distillation 
method, and B for the estimation of ammonia plus amino acids. This 
estimation is carried out as follows :—Add N/5 NaOH until the fluid is 
neutral, using phenolphthalein as indicator; then add 20 c.c. neutral 
commercial formalin and titrate again with N/5 NaOH until a faint but 
definite rose colour is developed. Then add 2 drops more of the alkali. 
End point—deep red. 

Calculation.—c.c. N/5 NaOH required after the addition of the for- 
malin x 2-8 = mgm. ammonia + amino acid nitrogen in 16 c.c. urine. 
Multiply by 6:25 to convert to per cent. 

Then B result — A result = amino acid nitrogen. 


CH,N = CH, 
CH,NH,.COOH + H.CHO = | +H,0 
COOH 


This formula shows how an amino acid like glycine on combination 
with formaldehyde yields an acid which can be titrated. 


Estimation of Chlorides. Volhard’s Method.—Pipette 10 c.c. albumin- 
free urine into a 100 c.c. graduated flask, add 5 c.c. nitric acid and 
20-30 c.c. N/10 silver nitrate solution (17 gms. per litre) measured 
accurately with a pipette. The silver solution must be in excess. 
Add distilled water to the 100 c.c. mark and mix thoroughly. Allow 
to stand for a few minutes, then filter through a dry chloride-free 
filter paper into a dry clean beaker and of the filtrate take 50 c.c. 
into a flask, add 10-20 c.c. 10 per cent. iron alum solution and titrate 
with N/10 potassium sulphocyanide (9-73 gms. per litre) until a per- 
manent red colour results. 


1 cc. N/10 AgNO, solution = 0-00585 gm. NaCl. 


In this method it is the amount of silver nitrate left uncombined 
which is determined, and this ambdunt subtracted from the amount 
of silver nitrate originally added gives the amount of chloride present. 


Inorganic Phosphates.—10 c.c. urine are diluted to 40c.c. with water, 
an excess (10 c.c.) of magnesium citrate mixture added and the whole 
made distinctly alkaline with ammonia. Stir well and allow to stand 
overnight. Filter off the precipitate of ammonium magnesium phos- 
phate which has formed through a small filter, wash well with dilute 
ammonia (about 1 per cent.) and dry at 100°. To estimate the P,O; 
present as pyrophosphate the precipitate and filter paper are incinerated 
in a weighed crucible heating, after initial burning is complete, to bright 
redness for fifteen to thirty minutes. This converts the ammonium 
magnesium phosphate into magnesium pyrophosphate. Crucible is 
cooled and weighed. 


Magnesium pyrophosphate x 0-638 = P,O;. 
Magnesium Citrate Mixture,—Dissolve 400 gms. citric acid in 500 
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c.c. water by the aid of heat. Add to the hot solution 20 grm. 
magnesium oxide (light). Cool, add 400 c.c. of 0-880 ammonia and 
then water to 1,500 c.c. Allow to stand twelve to twenty-four hours 
and filter. 


Total Phosphorus. Newmann’s Wet Ash Method.—1l0 e.c. urine are 
placed in a 500 c.c. combustion flask and 10 c.c. concentrated sulphuric 
acid plus 5 c.c. concentrated nitric acid are added. The mixture is 
then carefully heated in a fume chamber until contents are colourless. 
If there is much delay in the decolorisation, 3-4 ¢.c. of nitric acid 
may be cautiously added and the flask again heated. When oxidation 
is complete allow to cool, add 150 c.c. water and 30 ¢.c. ammonium 
nitrate solution (50 per cent.), put on a water bath and heat to about 
75° (as hot as the hand will bear), and then add 10-20 e.c. ammonium 
molybdate solution (10 per cent.). [If heated too long or at too high 
a temperature molybdic acid separates out and thus vitiates result.] 
Shake for about two minutes and return to the water bath until the 
yellow precipitate of ammonium phosphomolybdate settles (takes about 
half an hour). Filter off the yellow precipitate with aid of suction 
through asbestos in a Gooch crucible, wash rapidly and well with 
1 per cent. nitric acid, dry in a hot-water oven, cool and weigh. 

0-1 gm. Am. phosphomolybdate = 0:00374 gm. PO; or 0:00163 gm. P. 

If preferred the precipitate of phosphomolybdate, washed free from 
acid, is dissolved in a known volume of N/2 NaOH, solution washed 
into the original combustion flask with about 200 c.c. of water, a few 
drops of phenolphthalein solution added and the solution boiled for 
about fifteen minutes to get rid of ammonia (test the steam with glazed 
litmus paper). Cool rapidly in running water and titrate excess of 
alkali with N/2 H.,SO,. 

1 cc. N/2 H,SO, = 1-268 mg. P.O; or 0:5536 mg. P. 

Total phosphorus less inorganic phosphates gives the amount of 
organic phosphorus present. 

Norr.—Protein must first be removed if present. This is best 
done by boiling the urine acidified with acetic acid in a flask, cooling 
and filtering. 

Inorganic Sulphates (Folin).—25 c.c. of urine are diluted with 
100 c.c. of water in an Erlenmeyer flask (of 250 c.c. capacity) 
and 10 c.c. of dilute hydrochloric acid (1 part HCl (cone.) to 4 
parts water) added. A burette containing a 5 per cent. solution of 
barium chloride is then placed over the mouth of the flask and 10 c.c, 
of the reagent allowed to drop into the contents of the flask at a slow 
rate (not quicker than 5 c.c. per minute).1. The flask must not be 
moved until after the end of an hour, when it is shaken and the pre- 
cipitate collected on an asbestos mat in a Gooch crucible, washed with 
about 250 e.c. cold water, then with alcohol and ether, dried and ignited. 
In doing this, the flame must not be applied directly to the perforated 
bottom of the crucible, but the Gooch crucible must be placed in a 
large nickel crucible. The crucible must also be covered with a lid 
during the ignition. Ten minutes’ ignition is usually sufficient ; 
precipitate should be quite white. Cool and weigh. 

Total Sulphates (Inorganic and Ethereal) (Folin).—25 c.c. urine 
are mixed with 20 c.c. of dilute hydrochloric acid (1:4) in an 

1 More rapid addition of the reagent causes the results to be too high, i.e, 
produces an impure precipitate. 
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frlenmeyer flask of about 250 c.c. capacity, and, after covering the 
mouth of the flask with a watch-glass in a small filter funnel, 
gently boiled for twenty to thirty minutes. The flask is then cooled 
in running water, its contents diluted with distilled water to about 
150 c.c. and 10 e.c. of 5 per cent. solution of barium chloride added, 
and the further procedure followed as above described. 


BaSO,:S =1:0-1374; BaSO,:SO, = 1: 0:3429. 
Total sulphates—inorganic sulphates = ethereal sulphates. 


Total Sulphur. Modified Benedict Method (Denis).—Place 10 c.c. 
of urine in a small (about 7 cm. diam.) porcelain evaporating basin 
and 5 c.c. of copper nitrate reagent (125 gms. copper nitrate (sulphate 
free) ; 125 gms. sodium chloride ; 50 gms. ammonium nitrate : distilled 
water to 500 c.c.). Evaporate on the waterbath (or over a very small 
flame) to dryness. When quite dry heat the residue gently with a 
small flame until it is blackened. The flame is then gradually increased 
and the basin is heated to redness for ten minutes after the black 
residue, which first fuses, has become dry. Allow the basin to cool, 
add 10-20 c.c. dilute HCl, and warm gently till complete solution of 
the contents takes place. Transfer to a beaker, dilute with cold water 
to 100-150 c.c., add 10 ¢.c. 10 per cent. BaCl, solution and continue 
as in the sulphate estimations. 

Total sulphur less total sulphates = neutral sulphur. 

B.B.—If special accuracy is required an alcohol flame must be 
used for heating instead of gas as gas contains much sulphur and 
may thus give too high results. 

Volumetric Method of Estimating Sulphates——(Rosenheim and 
Drummond’s benzidine method.) 

This method depends upon the insolubility of benzidine sulphate 
in hydrochloric acid solution. Ethereal sulphates may be determined 
by this method after hydrolysis of the ethereal sulphates by hydro- 
chloric acid as in the Folin determination. Total sulphates less 
inorganic sulphates = ethereal sulphates. 

20 c.c. of urine are placed in a 250 c.c. flask and acidified with dilute 
HCl (1:4) until the reaction is distinctly acid to Congo red, then 
100 ¢.c, of benzidine ! solution is run in. A precipitate forms in a 
few seconds, and after standing ten to fifteen minutes it is filtered 
under pressure, care being taken not to allow the precipitate to be 
sucked dry at any time on the filter. Precipitate is washed with 
10-20 c.c, water saturated with benzidine sulphate. The precipitate 
and filter paper are then transferred into the original precipitation 
flask with about 50 ¢.c. water and titrated with N/10 NaOH using 
phenolphthalein as indicator, 


1 c.c. N/10 NaOH = 0:0049 gm. H,SO,. 


This method may also be employed to estimate the sulphate present 
in the neutral sulphur determination. The solution which results on 
treatment of the black residue with dilute HCl may be treated with 
benzidine solution as above and the sulphate determined volumetrically. 


Estimation of Potassium and Sodium.—To 100 c.c. urine add anequal 
volume of Bariummixture. (Barium Chloride mixture :— 2vols. baryta 


* Benzidine solution. Rub 4 gms. of benzidine into a paste with water, 
transfer it with about 500 c.c. water into a 2 litre flask. 5 c.c. cone. HCl 
are added and the volume made up to 2,000 c.c. with water. 
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water and 1 vol. 10 per cent. barium chloride. Solution must be K 
and Na free.) Filter off the precipitate and evaporate 100 c.c. of the 
filtrate in a platinum basin to dryness and gently ignite at a dull red 
heat. The ash is dissolved in water made acid by the addition of a few 
drops of hydrochloric acid, warmed, rendered alkaline with ammonia 
and precipitated with ammonium carbonate to remove barium salts. (It 
preferred 50 c.c.-100 c.c. urine may be ashed by the wet ash method of 
Neumann (heating with a mixture of nitric and sulphuric acids, see 
p. 333), and the fluid on the completion of the ashing heated in a plati- 
num basin until most of the sulphuric acid has been driven off. It is 
then diluted with water, strong barium chloride solution added so long 
as a precipitate forms, and finally rendered distinctly alkaline by the 
addition of baryta water. The precipitate of phosphates and sulphates 
is filtered off and well washed. The filtrate and washings are rendered 
alkaline with ammonia and the barium salts are removed by the 
addition of ammonium carbonate. Then proceed as detailed below.) 
The precipitate is filtered off and well washed. The filtrate and wash 
water are evaporated to dryness and gently ignited to remove anmmo- 
nium salts. The ash is once more dissolved in water, treated with 
ammonia and ammonium carbonate and filtered. The filtrate, acidified 
with hydrochloric acid, is evaporated in a weighed platinum basin and 
the residue gently ignited at dull red heat. When cool the basin and 
contents are weighed. The weight of this residue is the amount of 
potassium and sodium chloride present. 

The residue is once more dissolved in water slightly acidified with 
hydrochloric acid and is then washed into a 200 c.c. porcelain basin. 
The solution is neutralized or made faintly alkaline with a drop or two 
of caustic soda, acidified with acetic acid and evaporated to between 5 
and l0c.c. 1 c.c. glacial acetic acid and 10 c.c. cobaltinitrite reagent 1 
are added and the evaporation is continued until the syrup will set, 
on cooling, to a stiff mass. The time taken for evaporation is usually 
rather less than an hour. The cold mass, consisting of the yellow pre- 
cipitate, K,NaCO(NO,),.H,0O, embedded in a dark purplish-brown 
matrix, is then worked up with about 50 c.c. of 10 per cent. acetic acid 
and allowed to soak (stirring up occasionally with a glass rod) until the 
yellow precipitate is disentangled and the rest of the mass completely 
dissolved up to give the clear tawny colour of the dilute reagent. The 
yellow precipitate is then washed by decantation with dilute acetic 
acid, the washings being poured through an asbestos filter. Finally, 
the precipitate is transferred completely to the filter, washed with cold 
water and sucked dry. In general six washings by decantation are 
necessary, using in all about 300 c.c. of wash liquid. A funnel with a 
Gooch disc, well packed with clean, coarse Gooch asbestos, makes a 
convenient filter. 

While the filtering of the precipitate is in process about 300 c.c. of 
water is raised to boiling and the requisite excess (30 c.c.—50 c.c. N/5) 
of potassium permanganate run in from a burette. The pad of asbestos, 


1 Cobaltinitrite reagent. 

Dissolve 113 grm. cobalt acetate in 400 c.c, water and then add 100 c.c. 
glacial acetic acid. Stir into this solution 400 c.c. water containing 220 grm, 
sodium nitrite. NO, formed is removed either by evacuation or by blowing 
air through the mixed solutions. Allow to stand 24 hours, filter off any pre- 
cipitate, and make up to a litre with water. The dark plum-coloured solution 
keeps well in the dark. It should be decanted before use. 
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with the precipitate, is picked off the dise and dropped into the hot 
permanganate, any precipitate adhering to the funnel being also care- 
fully washed in. The precipitate is stirred up, and after a few minutes 
dilute sulphuric acid, in amount required to react with the perman- 
ganate, is added (20 c.c. of 25 per cent. H,SO,). The contents are well 
stirred, replaced over the bunsen and kept at, or just below, the boiling 
point until the yellow precipitate is completely decomposed (about 5 
minutes). Darkening of the liquid with formation of manganese 
hydroxide begins before the addition of sulphuric acid and continues 
on heating. Standard oxalic acid is then run in from a burette, with 
stirring, until the manganese hydroxide is dissolved and the hot liquid 
is clear and of a very faint rose-pink colour. Care must be taken that 
any manganese hydroxide adhering to the glass and asbestos is com- 
pletely dissolved up. The excess of oxalic acid is then titrated back to 
colour with permanganate, the end point being sharply marked. The 
difference between the total permanganate and oxalic acid burette 
readings gives the amount of permanganate used, from which the 
amount of K,O is calculated. The theoretical factor for N/5 potassium 
permanganate is 1 c.c. = 0:001714 grms. K,O. If preferred for ease in 
calculation, standard solutions of potassium permanganate and oxalic 
acid may be prepared so that 1 c.c. = 0-002 grm. KO. It is always 
well, in any case, to standardize the potassium permanganate used 
against a solution of pure fused potassium chloride. 


K,O x 1-584 = KCl and KCl x 0-631 = K,O 


Estimation of Calcium and Magnesium.—Calciwm.—Add to 200 c.c. 
urine hydrochloric acid until it is distinctly acid in reaction, then raise 
to boiling point. Cool, render slightly alkaline with ammonia, and then 
add acetic acid until the reaction (to litmus) is faintly acid. Heat the 
clear solution to boiling point and then precipitate the calcium by the 
addition of excess ammonium oxalate solution (20 per cent.). Allow 
the precipitate to settle completely (best by standing overnight). 
Filter off the precipitate through a small Swedish filter paper, washing 
thoroughly with boiling water. The calcium may be estimated either 
gravimetrically (a) or by titration (6). 

(a) Ignite the dried filter paper and precipitate in a platinum or 
silica basin over a blowpipe until constant in weight. Weigh as CaO. 

(6) Pierce the damp filter paper on the funnel with a glass rod and 
wash through with water the precipitate into the beaker originally 
used for the precipitation. Next, in order to remove the last traces of 
the precipitate from the paper, wash repeatedly with small quantities 
of 1 in 10 sulphuric acid. Heat the beaker to about 75° C. and con- 
tinue heating till the calcium oxalate is all dissolved. Titrate at once 
with N/10 potassium permanganate and calculate to CaO. 

1 c.c, N/10 permanganate solution = 0:0028 grm. CaO. 

Magnesium. 

The filtrate and washings from the calcium oxalate precipitation are 
rendered definitely alkaline with ammonia. Before the addition of the 
ammonia a few drops of sodium phosphate solution may be added. 
Stir well and allow to stand overnight. Filter off the precipitate of 
ammonium magnesium phosphate through a small filter of Swedish 
paper, wash well with dilute ammonia (about 1 per cent.) and dry at 
100°. Estimate the magnesium present as pyrophosphate by the 
method detailed under inorganic phosphates (p, 332). 
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Estimation of Phenols in Urine (Folin and Denis slightly modified),— 
Place 10 c.c. of ordinary or 20 c.c. of very dilute urine in a 50 c.c. 
volumetric flask. Add 2-10 ¢.c. acid silver lactate solution (5 per 
cent. silver lactate in 5 per cent. lactic acid solution) until no more 
precipitate is obtained, then add a few drops of colloidal iron and shake. 
Fill to the mark with distilled water, shake again and filter. This 
precipitation removes uric acid and traces of protein quantitatively. 
Transfer 25 c.c. of the filtrate to a 50 c.c. volumetric flask and to it 
add a sufficient quantity of saturated sodium chloride solution (con- 
taining 10 c.c. conc. HCl per litre) to precipitate all the silver. Fill 
to the mark with distilled water and filter. 

To determine ‘free ’’ (non-conjugated) phenols take 20 c.c. of the 
filtrate, place in a 50 c.c. flask, add 5 c.c. of the phosphotungstic phos- 
phomolybdie acid reagent! and 15 c.c. saturated sodium carbonate 
solution. Dilute to mark with water at 30-35° C. and allow to stand 
for twenty minutes. Estimate deep blue solution in a Duboseq 
colorimeter against a standard solution of phenol. 

Total (free and conjugated) phenols are determined by transferring 
20 c.c. of the same filtrate to a large test tube, add 10 drops of cone. 
HCl, place small funnel in mouth of tube and then heat rapidly to 
boiling over a free flame. Place in a boiling water bath for ten 
minutes. Then remove, cool, transfer contents to a 100 c.c. measuring 
flask, add 10 c.c. of the reagent + and 25 c.c. of the saturated sodium 
carbonate solution. Make up to volume, shake and let stand for 
twenty minutes. Read against a standard solution of phenol. 

Standard solution of phenol is a solution of pure phenol 10 mg. in 
100 c.c. N/100 HCl. Dissolve 0-100 gm. erystallised phenol in 100 c.c. 
N/10 HCl. Take 25 c.c. of this solution in a 250 c.c. flask, add 50 c.c. 
N/10 NaOH, heat to 65° C., add 25 c.c. N/10 iodine solution, stopper, 
let stand at room temperature for thirty to forty minutes. Add 5 c.c. 
cone. HCl and titrate excess of iodine with N/10 sodium thiosulphate 
solution. 1 c.c. of N/10 iodine solution = 1-567 mg. phenol. On the 
basis of the results dilute phenol solution so that 10 c.c. = 1 mg. of 
phenol. (Benedict and Theis (J. Biol. Chem. 36, 1918) recommend 
resorcinol as standard as the solution is easily prepared and keeps well. ) 
Add to 10 c.c. of this standard in a 100 c.c. flask 0-5 c.c. HCl and 10 c.c. 
of the silver lactate-lactic acid solution (as lactic acid also gives a blue 
colour with the reagent), shake well and filter. To the filtrate add 
10c.c. phenol reagent ? and 25 c.c. saturated sodium carbonate solution. 
(For free phenols best 5 c.c. reagent and 15 c.c. carbonate solution. ) 
Fill to the 100 ¢.c. mark with water about 30° C. and allow to stand 
about twenty minutes. Set standard in Duboseq at 20 mm. 


Estimation of Sugar. May be estimated either by Benedict’s method 
(p. 320) or by Pavy’s method. Pavy’s Method.—The standard solution 
contains 120 c.c. Fehling’s solution and 300 c.c. strong ammonia per 


litre. 


1 Reagent. Transfer to a large flask 34 gms. of ammonium molybdate 
[(NH,4)2(MoO,)] (or 25 gms. MoO,), add 140c.c. of 10 per cent. NaOH and 
about 150 c.c. of water. Boil for twenty minutes to get rid of ammonia, then 
add to the solution 100 gms. sodium tungstate, 50 c.c. of 85 per cent. phos- 
phoriec acid and 100 c.c. of cone. HCl. Dilute to a volume of 700-800 c.c., 
close the mouth of the flask with a funnel and watch glass and then boil 
gently for not less than four hours, adding hot water from time to time to 
replace that lost during boiling. Cool and dilute to 1,000 c.c. 
Z 
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The nozzle of a burette is fitted to a small round-bottomed flask 
by means of a cork through which is also passed a short bent tube 
to allow of the escape of steam and ammonia, when the flask is heated. 
The urine is diluted exactly 10 to 50 times according to the amount 
of sugar present. The burette is filled with diluted urine, care being 
taken to see that there are no bubbles in the nozzle. 10 c.c. of Pavy’s 
solution and about an equal volume of water are placed in the flask. 
The flask is now heated till it boils. The heating is continued and the 
urine allowed to drop in from the burette at such a rate that boiling 
does not cease. When the colour of the solution in the flask is per- 
ceptibly less the rate of addition of drops is reduced, but is continued 
until all the blue colour has disappeared. The first reading will be 
almost certainly too high so that repeat determinations must be 
made. In the later determinations it is recommended to run in fairly 
rapidly the quantity of urine which will almost suffice, then wait till 
the colour is constant before adding the rest of the urine required 
drop by drop till the blue colour has completely disappeared. The 
amount of diluted urine employed should not be less than 2 ¢.c. or 
more than 5 c.c. Calculation: 10 ¢.c. Pavy solution are equivalent to 
:005 gm. dextrose. 


Quantitative Estimation of Beta-Oxybutyric Acid, Acetoacetic Acid 
and Acetone (van Slyke).—In this method all three substances— 
total acetone bodies—can be determined at once, a separate determina- 
tion of the beta oxybutyric acid can be made by boiling off the aceto- 
acetic acid and acetone from the treated urine which has been acidified 
with sulphuric acid. 

Place 25 c.c. of the urine to be tested in a 250 c.c. measuring flask, 
add 100 c.c. distilled water, 50 c.c. copper sulphate solution (200 gms. 
copper sulphate, CuSO,,5H.O, dissolved in water and made up to 
1,000 c.c.) and mix well. Next add 50 c.c. of a well-shaken suspension 
of calcium hydroxide (100 gms. light calcium hydroxide in 1,000 ec.e. 
water) and shake the whole mixture well. The copper and lime are 
added to remove sugar and other interfering substances. If the urine 
contains more than 8 per cent. sugar it must be diluted so that the 
‘sugar present does not exceed this amount. The reaction of the 
mixture should be definitely alkaline to litmus, if not add more calcium 
hydroxide. Dilute to the 250 c.c. mark and allow to stand for at 
least thirty minutes and then filter through a dry folded filter paper 
into a dry flask. Some of the filtrate may be tested now to see if all 
sugar is removed by boiling. If sugar is present a yellow precipitate 
will be obtained instead of a white precipitate. 

25 c.c. of the filtrate is now measured into a 500 c.c. Erlenmeyer 
flask, 100 c.c. water, 10 c.c. 17N. sulphuric acid (add 500 e.e. cone. 
H,SO, cautiously to 450 c.c. distilled water, cool thoroughly and make 
up to 1,000 c.c. with water ; the solution may require slight adjustment) 
and 35 c.c. mercuric sulphate solution (73 gms. pure red mercuric 
oxide dissolved in 1,000 ¢.c. of 4N. sulphuric acid). Connect a good 
reflux condenser, best with straight condensing tube, to the Erlenmeyer 
and heat to boiling. When boiling has properly started add 5 c.c. 
bichromate solution (50 gms. potassium bichromate dissolved in water 
and made up to 1,000 ¢.c.) through the condenser tube; continue 
gentle boiling for one and a half hours. Then cool and filter off the 
yellow precipitate through asbestos in a weighed Gooch crucible. 
Wash out the Erlenmeyer with about 200 ¢.c. cold water. Suck 
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asbestos dry and then transfer to a hot air oven at 110° for an hour. 
Cool in room air and weigh. 

Calculation. Assuming that beta-oxybutyric acid forms 75 per cent. 

of the total acetone bodies present (the usual proportion), thenif 25 c¢.c. 
of the filtrate, i.e. 2-5 c.c. of original urine, are used, 1 gm. of pre- 
cipitate equals 2-48 gms. total acetone bodies as acetone per 100 c.c. 
urine. 
_ Instead of weighing the precipitate the contents of the Gooch, 
including the asbestos, may be washed into a small beaker with as 
little water as possible. Add 15 c.c. N/1 HCl and heat the mixture 
until all precipitate is dissolved. Cool the solution, add 6—7 ¢.c. of 
3M. sodium acetate solution and then run in M/5.KI rapidly from 
a burette with constant stirring. If more than a small amount of 
mercury is present a red precipitate of HgI, at once forms and re- 
dissolves as soon as 2-3 ¢.c. of KI in excess of the amount required 
to form the soluble K,HgI, have been added. If only a few mg. of 
Hg are present the excess KI may be added before the HgI, has had 
time to precipitate, so that the titrated solution remains clear. In 
this case not less than 5 c.c. of the M/5 KI are added as final titration 
is not satisfactory if less is present. The excess KI is titrated back 
by adding M/20.HgCl, from another burette until a permanent red 
precipitate forms. As the reaction is HgCl, + 4KI = K,Hgl, + 
2KCl. lec. of M/20.HgCl, = lec. M/5.KI; Ic.c. of M/5.KI = 13 
mg. mercury acetone precipitate. 

When 25 c.c. filtrate, i.e. 2-5 ¢c.c. urine, are used 1 c.c. M/5.KI = 
0-032g total acetone bodies, or 0:034g beta-oxybutyric acid as acetone 
per 100 c.c. urine. Standardise the M/20.HgCl, by the sulphide pre- 
cipitation method. 

As mentioned above, beta-oxybutyric acid may be estimated separ- 
ately by previous removal of the aceto-acetic acid and acetone. ‘Take 
25 c.c. of the filtrate from the copper lime precipitation in an open 
flask, add 100 c.c. water and 2 ¢.c. 17N. sulphuric. Boil for ten 
minutes over the free flame. Cool, measure, return to flask, make up 
volume to 127 c.c., add 8 c.c. of the sulphuric acid and 35 c.c. of the 
mercuric sulphate. Connect with reflux condenser and then proceed 
as before. 

1 gm. precipitate = 2:64 gms. beta-oxybutyric per 100 c.c. as 
acetone. Beta-oxybutyric acid = acetone value x 1-793. 

Van Slyke states that there should be a preliminary test of the 
materials, using distilled water in place of urine. No precipitate of 
any kind should be formed. 

A good rough approximation to the amount of aceto-acetic acid and 
acetone present may be obtained by using a modified ammonia estima- 
tion apparatus. Put 5-10 c.c. urine in a large boiling test tube fitted 
with appropriate rubber stopper, add 2~3 drops 5 per cent. sulphuric 
acid, connect with an absorption tube or flask containing 5-10 c.c. 
Scott-Wilson cyanide reagent.1 Place tube containing the urine in a 


1 Reagent. Dissolve 10 gms. mercuric cyanide in 600 c.c. water and add 
to this solution 180 gms. pure caustic soda also dissolved in 600 c.c. water. 
Pour in a slow stream, stirring vigorously, into the mixture 400 c.c. of water 
containing 2-9 gms. silver nitrate. If properly made the silver dissolves 
completely, giving a clear solution. Usually there is slight turbidity ; set aside 
for three to four days to settle; decant off clear supernatant liquid. When 
reagent stands a new sediment gradually forms so that solution deteriorates 


slowly. Will keep good several months, 
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waterbath at 70°-75° and start suction pump so as to run a moderately 
rapid air stream through the urine. If acetone is present, even if only 
in traces, the reagent becomes turbid. The degree of turbidity may be 
compared with that given by a standard solution of acetone containing 
0:5 mg. in a nephelometer or Duboscq colorimeter. (See Marriott, 
J. Biol. Chem., 16 and 18; Folin and Denis, J. Biol. Chem., 18.) 


Quantitative Estimation of Lactic Acid——Many methods have been 
suggested for the quantitative determination of lactic acid in urine and 
other fluids. At present the best is probably that of Friedemann, 
Cotonio and Shaffer (see J. Biol. Chem. 73, 1927, 335). 


Estimation of Urochrome.—Add about 20 gms. finely powdered 
ammonium sulphate to 25 c.c. urine. Actively stir the mixture with 
a glass rod so that most of the ammonium sulphate is dissolved. Allow 
to stand for at least thirty minutes in order that other pigments present 
may precipitate, then fill up to 50 c.c. with hot saturated ammonium 
sulphate solution and filter at once. 10 c.c. of the filtrate is placed 
in one of the cups of a Duboscq colorimeter and compared with a 
standard solution of ‘‘ Echtgelb ’”’ (Miller, Leipzig) containing 0-0lg. 
Echtgelb in 2 litres of water. 


Urobilin.— Urobilin is a derivative of hemoglobin and is probably 
identical with the fecal pigment stercobilin. It readily combines with 
alkalis to form salts which are easily soluble in water. Urobilin 
shows a well-marked absorption band in the green near F. If urine 
is first rendered acid with a mineral acid or if a drop or two of tincture 
of iodine be added the chances of getting the spectrum in urine are 
much increased. Its presence can also be detected in urine by its 
fluorescence, particularly in the presence of zine salts. 

The Schlesinger Test. Take 10-15 c.c. urine in a wide test tube 
and add to it an equal volume of well-shaken zinc acetate solution, 
mix well and allow to stand for twelve to twenty-four hours in order 
to allow the precipitate to settle. The clear supernatant fluid if 
urobilin be present will show a beautiful green fluorescence. A better 
result is obtained by filtering off the precipitate and examining the 
column of fluid for fluorescence from above. If the column appears 
colourless no urobilin is present, or only a minute amount, but if it 
appear yellowish red or rose it may be regarded as pathological. 

A more refined method of carrying out this test is to add 3-4 drops 
glacial acetic acid to 50 ¢.c. urine, rendering the reaction definitely 
acid. ‘Then drop by drop, shaking well, 1 per cent. tincture of iodine 
(1 drop to each 2 ¢.c. of urine). Add 5 c.e. thymol chloroform and 
shake thoroughly. The chloroform extract is mixed with an equal 
volume of an alcoholic zine acetate solution (alcohol 93 per cent. 
500 ¢.c., zine acetate 3 gms., glacial acetic acid 2 c.c.; filter before 
use), shake and filter. The presence of a beautiful green fluorescence 
is indicative of the presence of urobilin. 


Preparation of Urobilin (Garrod and Hopkins).—Saturate the urine 
with ammonium chloride in order to remove uric acid, filter, acidify 
the filtrate with sulphuric acid, saturate with ammonium sulphate. 
Extract this mixture in a large separating funnel with an equal volume 
of a mixture of 1 part chloroform and 2 parts ether. The chloroform 
ether extracts the urobilin. The extract is then shaken with faintly 
alkaline water which takes up the urobilin. In order to purify the 

1 10 gms. of zine acetate are added to 100 c.c. alcohol. Most of the acetate 
remains undissolved, hence the reagent must be well shaken before use. 
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urobilin the watery solution is again saturated with ammonium sul- 
phate, after all the ether has been removed by passing a rapid current 
of air through the solution, and the process of extraction with chloro- 
form ether repeated. To get the urobilin from the chloroform ether 
shake with a small amount of water containing a little ammonia, 
acidify the alkaline extract to precipitate the urobilin, take this urobilin 
up in a small quantity of pure chloroform and on the evaporation of 
the chloroform urobilin is left. If it contains any ammonium sulphate 
this may be got rid of by dissolving the urobilin in absolute alcohol, 
filtering and finally evaporating the alcohol. If hydrochloric acid be 
added to a solution of this urobilin in caustic soda until the reaction 
is just acid a turbid fluid results. Spectroscopic examination shows in 


Fic. 200.—Pigments of urine. 


1. Acid urobilin in strong solution. ‘ 

2. Urobilin precipitated i acid from its alkaline solution and partially redissolved. The 
so-called E-band spectrum. 

. Uroerythrin. 

4. Uroerythrin in pink urate sediments. 


addition to the characteristic band at F, another band near the E 
line. This band disappears if the liquid be filtered. ; 

Another pigment which is present in urine is uroerythrin, This 
pigment is the colouring matter present in pink urate sediments. 
The pigment may be separated from the urates. Dissolve the pink 
urates in warm water, saturate with ammonium chloride. Filter, 
extract precipitate with alcohol, shake the alcoholic extract with 
chloroform after the addition of a drop of acetic acid. The chloroform 
extract will show on spectroscopic examination the characteristic 
bands (rather ill-defined) near E and F. 

Heematoporphyrin is another pigment which probably constantly 
occurs in normal urine in very small amount. The output may rise 
after the administration of drugs like sulphonal, trional, etc., and 
sometimes in lead poisoning. It may exist, in part at least, in the urine 
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in chromogen form. Hematoporphyrin possesses a well-marked 
spectrum which differs according to whether the preparation is acid or 
alkaline (see pp. 291 and 294). It isimpossible to detect hamatopor- 
phyrin spectroscopically in the urine unless it be present in fairly large 
amount ; when present, even in acid urine, it is the alkaline spectrum 
which is obtained. It may be obtained from the urine by adding to 
each 100 c.c. urine 20 ¢.c. 10 per cent. caustic soda. The precipitate is 
filtered off, washed, and then treated with acid alcohol. The solution 
in acid alcohol gives the acid spectrum, if it be rendered alkaline the 
alkaline spectrum. If the urine is rich in the pigment shaking with 
acetic ether or amyl alcohol will extract it. If urobilin be also pre- 
sent take off the acetic ether extract, acidify with acetic 
acid and shake well with water. Urobilin passes over 
into the water, leaving hematoporphyrin. 


Cuaprer XIX 
FATS 
Estimation of Fat by Soxhlet Method.—The dried 


material to be extracted, finely ground, is placed in 
a suitable paper extraction thimble and placed in the 
extraction chamber of the Soxhlet apparatus, which is 
then connected with the flask, previously weighed, 
below and the condenser above, After the addition of 
the appropriate amount of ether, as anhydrous as pos- 
sible, extraction is carried out, preferably on an electric 
heater, for six to eight hours. The ether is distilled off 
from the flask ; when the distillation is complete, add 
about 1 ¢.c. absolute alcohol and then heat the flask for 
a short period at 100°C. to dry the contents. Cool 
and weigh. 

Another more simple method, applicable to many 
substances, is given on p. 346. . 


Separation of Saturated and Unsaturated Fatty Acids. 
—10 gms. of suet are saponified with 10 ¢.c. of 40 per 
cent. NaOH with 40 ¢e.c. 96 per cent. alcohol added. 
After completion of saponification add a few drops of 
phenolphthalein solution and then neutralise the solu- 
tion by means of 10 per cent. acetic acid. The neutral- 
ised solution is then poured into 500 c.c. of a 2 per 
cent. solution of neutral lead acetate contained in a litre flask. Boil, 
a precipitate of lead soaps forms, cool under the tap and allow precipi- 
tate to settle. Decant off as much as possible of the clear supernatant 
fluid and then wash precipitate three times with about 150 e.e. of 
warm water (50°-60° C.). Let the precipitate drain well and finally 
remove last traces of water by means of filter paper. Place the dried 
lead soaps ina flask, add 150 c.c. ether and heat under a reflux con- 
denser for ten to fifteen minutes in a boiling waterbath. Allow to 
cool and stand overnight. Filter ethereal solution and add to the 
filtrate dilute HCl (1:4) until a precipitate forms (usually requires 
about 60 c.c. acid). The ethereal extract contains the lead salts of 
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the unsaturated fatty acids, as these are soluble in ether, whereas the 
precipitate consists of the soaps of the solid fatty acids, 


Fat Values 


I. Melting Point.—Use ordinary method, see p. 253. 


IL. Specific Gravity. 

Melt small amounts of butter and of oleomargarine and drop the 
melted fats into alcohol at room temperature (15° C.). The butter 
will sink, but oleomargarine will float since it is composed of fats of 
lower specific gravity than those of butter. 


III. Acid value indicates the amount of free fatty acid which is 
present in the fat. The value rises when fats become rancid. 

Dissolve 1 gm. of fat (butter) in as little neutral alcohol as pos- 
sible (with the addition of ether, if necessary), and, after adding a few 
drops of phenolphthalein titrate with N/10 KOH. The result is ex- 
pressed as the number of milligrams of KOH required to neutralise 
the fatty acid of 1 gm. of fat. In the subjoined table the result is 
calculated as oleic acid on the basis that 1 c.c. N/10 KOH = 0-0282 
gm. oleic acid. 


IV. The Saponification Value.—This is a measure of the total amount 
of fatty acid (both free and combined) contained in the fat. The fat is 
saponified with a known amount of caustic potash which is in excess of 
that required to produce complete saponification, and the caustic potash 
which is not neutralised in the process is ascertained by titration against 
standard acid. 

Weigh a dry, clean, wide-mouthed Erlenmeyer fiask, and add to 
it 2 gms. of melted and filtered fat. By means of a pipette add 
exactly 25 c.c. alcoholic potash, a sample of which has just pre- 
viously been titrated against N/2HCl, using phenolphthalein as 
indicator. Close the flask with a cork having a wide glass tube passing 
through it. This serves as a reflux condenser. Place the flask on a 
boiling waterbath for half an hour, and shake frequently. Then 
remove the flask, add 1 c.c. phenolphthalein solution and titrate against 
N/2HCl. The difference between the amount of acid now required 
and the amount of acid corresponding to 25 c.c. of the alcoholic potash, as 
determined by the previous titration, corresponds to the amount of 
fatty acids. The result is usually calculated in terms of the number of 
milligrams of KOH required to saponify 1 gm. fat. 1 c.c. N/2 KOH 
contains 0-028 gm. KOH. 

V. The Ester (ether) value represents the amount of fatty acid which 
is combined with glycerine. It is obtained by deducting the acid 
value (III) from the saponification value (IV). > 


VI. The Iodine value is the percentage amount of iodine which a 
weighed quantity of fat can absorb. This is proportional to the amount 
of unsaturated fatty acid (oleic, etc.) in the fat (see p. 265). The 
iodine value is of great importance in physiological investigations, 
since by it we can form an estimate of the relative amount of unsat- 
urated fatty acids in fats. Its determination involves the use of 
carefully standardised solutions, and is too complicated for descrip- 
tion here. 


VII. The Reichert-Meiss] value indicates the amount of volatile 


PRACTICAL PHYSIOLOGY 


344 


ae LT? 8-GOI-6:96 | €:00G-€:86L $8°P-GE'S 8E-GE SEF6-0-SFE6-0 
x: aoe OL-0S | 00Z-€6T 0:6-G:0 9h -9E 8€6:0-1&6-0 
{eis a TS-G:6€ | [861-8 S6T G:0-4:0 64-GP 8€6:0-1&6-0 
VLC FP0 VI-9:9 F6-8:8L | G-661-1'S61 6G: I-L8-0 GF—-0G €€6:0-616-0 
6:0 OL g-7S | L061 8-GI-ST-1 OF-6€ F0E6:0 
€9:0-2:0 §G1I-G:6 G89 | 961-4: F6I S270 OF-LE 66:0 
-s = G°9F-L‘SE | 9:961-<:S6I © 6-GL:0 1S-F¥ 196-0-L€6-0 
8°CE-SSG G81-9'6 8E-96 | SPC—-0GE bC-¥8:0 €E-86 0F6:0-926:0 
é “ploy 910 
esroN- OHIO ate ROUIVASCUIDOR Sep des teal. Aue ane Rales speeds 
ony’ A PIOV 


— eouvqiodurl [eosoporsAyd 4s09BeI8 JO $7BJ IO} SonTeA eAOGe CY4 JO CIOS SOAIT O[Ge) SULMOTO} OY, 


7 + giqqey 
. . 31d 


‘+ mO94ny 


"  *  goqqng, 


“qeq JO OWEN 


ADVANCED CHEMICAL PHYSIOLOGY 345 


soluble fatty acids present. It is of great value in testing the purity of 
butter, because this contains a considerable proportion of such acids, 
whereas the cheaper fats, which are sometimes used as substitutes for 
butter, do not contain much of them. 

5 gms. melted fat is saponified with alcoholic potash, the alcohol 
evaporated, and the resulting soap dissolved in water acidified with 
sulphuric acid, and distilled. The distillate, which contains the 
volatile acids, is collected in a flask and titrated with N/10 NaOH, 
the result being expressed as the number of c.c. of decinormal acid 
contained in the distillate from five gms. of fatty substance. 


_ VIII. The Hehner value indicates the amount of non-volatile and 
insoluble fatty acids (and unsaponifiable matter) present in the fat. 


IX. The Acetyl value gives the amount of KOH which is required to 
combine with the acetic acid in 1 gm. of fat previously acetylated, 
i.e. the hydroxyl value. 


CHAPTER XX 
THE FACES 


These are composed of : 

(1) Substances which have escaped digestion, e.g. muscle fibres, 
elastic tissue, cellulose, fat, etc. 

(2) Remains of gastro-intestinal secretions. 

(3) Products of digestion by ferments or bacteria. 

(4) Micro-organisms. These often form quite a marked proportion of 
the fecal mass. It has been said that as much as a half of the total 
nitrogen in the feces may be of bacterial origin. 

Amount.—The daily fecal excretion of an adult male upon an ordinary 
mixed diet will average from 100 to 170 gms. with a solid content of 
between 25 and 45 gms. The amount of feces passed when the 
subject is on a vegetable diet is much greater, may even amount to 
400 gms. or more. The water content varies within fairly wide 
limits. The colour depends largely upon the nature of the diet, a meat 
diet, for instance, giving a dark brown colour and a milk diet a light- 
coloured stool. The colour may be altered by the taking of drugs 
such as iron, calomel or bismuth. 

Reaction.—Normal stools have, as a general rule, a neutral reaction 
although slightly alkaline or slightly acid feces are frequently met 
with, the alkaline reaction being more common than the acid one. 

Nitrogenous Substances. —Feces always contains a certain amount of 
nitrogenous matter, from 0-5 to 2 gms. per diem. Most of this probably 
comes from waste material from the various digestive secretions, 
micro-organisms, etc. The proteins in vegetable food-stuffs give rise 
to a greater amount of nitrogen in the feces than do proteins of animal 
origin, since digestion is often less perfect. 

Lipoid Substances.—Feces always contain under perfectly normal 
conditions a fair amount of lipoid material, neutral fats, free and 
combined fatty acids, etc., even amounting to about one-third of the 
total dry weight of the faces. 

Carbohydrates.—On hydrolysis feces normally yield reducing 
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substances equivalent to from 0-5 to 2gms. of glucose. Under cert ain 
conditions the output of carbohydrate may be markedly increased. 

Where it is desired to get the feces belonging to a definite period 
of feeding a fairly accurate separation may be got by giving the 
patient 5 grm. of charcoal at the start and at the end of the feeding 
period. 


Quantitative Analyses—Except for the water content most of the 
analyses may be carried out on feces which has been dried on the 
waterbath and then ground to a fine powder. 


Estimation of the Water Content and Ash.—(a) Of the thoroughly 
mixed feces take about 3 gms. on a small watch glass, weigh exactly, 
shake the feces into asmall weighed platinum crucible (a silica crucible 
will serve), and again weigh the watch glass. The difference between 
the two weighings gives the amount of feces actually used. Dry the 
feeces in the crucible at 110° in a hot-air oven to constant weight. The 
difference between the dry and the wet weight gives the water content. 

(b) To find the amount of ash. Heat the crucible, at first gently, and 
then complete the ashing with a strong flame. Cool and weigh. 


Estimation of Nitrogen by Kjeldahl Method.—Take 2-3 gms, of 
moist feces weighed as above or about 0:5 grm. of the dried feeces and 
place in a combustion flask with a small piece of copper foil and 20 c.c. 
N-free H,SO, and heat till the solution is colourless (for details see 
Analysis of Urine). A globule of mercury may have to be added in- 
stead of the copper as feeces, particularly if they contain much fat, are 
somewhat difficult to combust completely. If mercury be used, before 
distillation some sodium sulphide or hyposulphite must be added in 
order to break up certain Hg.-N. compounds which are formed during 
combustion. 


Estimation of Fat——This may either be done by using the Soxhlet 
extraction apparatus or by grinding up the feeces with ether. 

(a) Soxhlet method. Take about 5 gms. dried feces and extract for 
six to eight hours in a Soxhlet apparatus with dry ether. Distil off the 
ether in the previously weighed small Soxhlet flask. When the 
distillation is finished add about 1 e.c. absolute alcohol to the flask 
and dry at 100°C. Cool and weigh. The increase in weight of the 
flask gives total extractable fatty substances. 

(6) A quicker method of estimating the fat content. 

(1) Take 1 gm. dried feces, place in a mortar, rub up with 30 e.c. 
ether, allow to settle, then decant ether through a fluted filter paper into 
a weighed beaker or flask. Repeat this grinding process three times. 
Wash the filter paper, remembering the edges, thoroughly with ether. 
Distil off the ether in the flask on a hot plate or waterbath. When 
distillation is completed add 1 ¢.c. absolute alcohol to flask and dry at 
100°C. Cooland weigh. Increase in weight of flask gives total fat and 
free fatty acids. 

(2) Now add to the flask containing the total fat and free fatty acids 
50 ¢.c. of pure alcohol previously rendered slightly alkaline to phenol- 
phthalein by titration with N/10NaOH. Heat carefully until all the 
fat and fatty acids are completely dissolved, cool and titrate with 
N/10 NaOH; add a few drops more phenolphthalein as indicator if 
necessary. This gives amount of free fatty acids present. Calculate 


the oleic acid by multiplying number of c.c. N/10NaOH required 
by 0-0282. 
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(3) Brush off the residue in the mortar and on the filter paper into a 
beaker. In order to get every trace of material from the filter paper 
to the beaker pierce the bottom of the filter, wash once with boiling 
water, then moisten it with a few drops of concentrated HCl. Wash 
repeatedly with boiling water until every trace is in beaker. Add HCl 
up to 10 percent. Place beaker on a boiling water bath for two hours. 
Cool. Pour into a separating funnel and extract three times with ether. 
Wash the ethereal extract three times with small amounts of water. 
Place ethereal extract in a weighed flask, distil off the ether, dry and 
weigh. Result = combined fatty acids. 


Estimation of Carbohydrate—Take 20 gms. of dried faces and 
place it in an Erlenmeyer flask (300 c.c. capacity) with 100 ¢.c. 5 per 
cent. HCl, connect with a reflux condenser and boil for one and a half 
to two hours. Almost neutralise and then filter into a litre flask, 
washing the residue on the filter paper thoroughly, and make up to 
1 litre. The sugar present may either be estimated by a titration 
method or preferably by a gravimetric method. Place 60 c.c. of freshly 
mixed Fehling solution in a small Erlenmeyer flask and immerse the 
flask in a boiling waterbath. When the Fehling solution has attained 
the temperature of the boiling water add 20 c.c. (which should not 
contain more than 0-25 gm. reducing sugar, check by a rough analysis 
beforehand) of the solution to be tested, previously warmed, and make 
contents of flask up to 100 c.c. by the addition of boiling distilled water. 
The mouth of the flask is lightly plugged with cotton wool and the 
heating continued for exactly twelve minutes. At the end of the period 
the flask is removed from the bath and the contents filtered through 
asbestos! in a Gooch crucible. Wash well with hot water, taking care 
that all traces of cuprous oxide are transferred from the flask to the 
crucible, then with alcohol and ether. Dry quickly in a hot-air oven, 
cool and weigh as cuprous oxide. If the Gooch crucible containing the 
cuprous oxide be placed in a protecting nickel crucible and heated by 
means of a powerful burner for thirty minutes the cuprous oxide is 
oxidised to cupric oxide. Continue heating until weight is constant. 
Cool and weigh. The cuprous oxide can also be, if preferred, reduced to 
metallic copper by gentle heating in a strearn of hydrogen. Cool and 
weigh. 

Celsalation of results—Weight of precipitate as 

Copper x :5638 ) 
Cuprous oxide x -5042 | = amount of sugar (as dextrose) present. 

Cuprie oxide x +4535 


Estimation of Calcium.—Take 5 gms. of the feces and ash it in a 
small silica crucible (if platinum is not available). Transfer the ash to a 
500 c.c. measuring flask, washing in the last traces with dilute HCl. 
When the ash in the flask has all dissolved in the HCl make up with 
distilled water to the 500 c.c. mark. Draw off 200 c.c. into a 600 c.c. 
beaker and add a slight excess of ammonia until a precipitate of calcium 
phosphate appears, then add acetic acid until the solution is faintly acid 
and the phosphate precipitate has redissolved. If there has been any 
iron in the ash, and feces commonly contains small amounts of iron, 


1 The asbestos used in preparing the mat in the Gooch crucible should 
be specially purified by treatment with hydrochloric acid. All hard lumps 
should be removed. The same crucible can be used for many analyses. The 
mat should be about 2 mm. thick. 
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a small precipitate of iron phosphate may remain after the treatment 
with acetic acid. This precipitate must, if it be present, be filtered off. 
Heat the clear solution to boiling point, add excess of ammonium oxalate 
(20 per cent. solution) until the precipitation of lime is complete. Allow 
to settle completely (best by standing overnight). Filter off precipitate 
through a 12 cm. Swedish filter paper, washing thoroughly with boiling 
water. The calcium may be estimated either gravimetrically (a) or 
by titration (0). 

(a) Ignite the dried filter paper and precipitate in a platinum or 
silica capsule over a blowpipe until constant in weight. Weigh as CaO. 

(b) Pierce the damp filter paper on the funnel with a glass rod and 
wash through the precipitate into the beaker originally used for the 
precipitation with water. Next, in order to remove the last traces of 
the precipitate from the paper, wash repeatedly with small quantities 
of linl10H,SO,. Heat the beaker to about 75° C. and continue heating 
till the calcium oxalate is all dissolved. Titrate at once with N/10 
potassium permanganate and calculate to CaO. 


1 c.c. N/10 permanganate solution = 0-0028 gm. CaO. 


Tests for ‘“ Occult ’? Blood.—These tests are only of value when a 
meat-free diet is taken. A chlorophyll and hemoglobin-free diet must 
be taken for 4 days before the test is carried out. The benzidine and 
phenolphthalin tests are very delicate when properly applied. The 
guaiaic test although not so sensitive is quite useful. 

(a) Guaiac Test.—Stir up 5-10 gms. feeces in a mortar with water 
until it forms a thick fluid. (If the faeces is rich in fat treatment with 
ether should first be carried out.) Add one-third of its volume of glacial 
acetic acid and mix thoroughly. Pour about 10 c.c. into a test tube, 
add an equal volume of ether and mix thoroughly. Allow ether to 
separate (aid of a centrifuge is useful), collect in a test tube, add 10 drops 
of about 1 per cent. guaiac solution and about 4 c.c. of 10 per cent. 
hydrogen peroxide. The whole is shaken. Provided no pus has been 
present the blue or deep green colour may be assumed to indicate blood. 

(6) Benzidine Test.—A small amount of feeces is thoroughly stirred 
with water to make a thin paste, boiled for 2 minutes, allowed to cool, 
then diluted with an equal volume of distilled water. A few drops 
(3-10) of this emulsion are added to 1 ¢.c. of a saturated solution of 
benzidine in glacial acetic acid. When the two are well mixed by 
shaking, 3 per cent. hydrogen peroxide is carefully added until a blue 
or green colour develops or until about 2 ¢.c. of the peroxide has been 
used, the shaking being continued throughout. (Bell, Guy’s Hosp. 
Rep., 1923.) Delicacy is about 1: 100,000. 
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CHAPTER XXTI 
DIGESTIVE SECRETIONS 


Estimation of Diastatic Activity —For the accurate determination of 
the action of ptyalin (or any other amylolytic ferment) on starch one 
may estimate the reducing power of the incubated solution after a 
certain time. Besides being tedious, this method is uncertain, because 
of the different reducing powers of maltose and dextrose, both of 
which sugars frequently result by salivary digestion, especially when 
this is prolonged. 

A simpler and more serviceable method depends on the colour reaction 
of starch with iodine, and is conducted as follows :— 

Prepare a 1 per cent. starch paste solution, and place the beaker 
containing it in ice water. Collect some saliva and dilute 1 ¢.c. of it to 
10 c.c. with distilled water, and filter. Take a series of five test tubes 
labelled A, B, C, etc., and with a 1 c.c. pipette graduated in 100 parts 
deliver into tube A 1 ¢.c. of the diluted saliva ; into B 0-75 ¢.c. ; into 
C 0-5 c.c.; into D 0-25 e@.c.; and into E 0:1 c.e. 

Place the tubes in a beaker containing ice water, and then deliver 
into each 5 c.c. of 1 per cent. cooled starch solution. The cold prevents 
any ferment action until all are ready. Now remove the tubes to 
another beaker containing water at 40°C., and gently shake them so 
that the contents become thoroughly mixed. Note the exact time at 
which the tubes are placed in the warm water. At the end of half an 
hour remove the tubes simultaneously to ice water, and shake them 
gently so as to ensure thorough cooling. Fill each tube to within half 
an inch of the top with distilled water and add a few drops of iodine 
solution.? Close each tube with the finger and invert so as to mix. 
It will be seen that there is a gradation of colours in the different 
tubes from blue through violet and brown to yellow. Note the tube 
which just shows a bluish tint. The next one higher up in the series 
is taken as that in which all starch has just disappeared. From the 
amount of diluted solution added to this, calculate the amount of 
undiluted saliva required to convert 100 c.c. of 1 per cent. starch 
solution into dextrines in half an hour at 40°C. Thus, suppose that 
the tube containing 0-25 c.c. diluted saliva is found to be that which 
just shows a bluish tint. In the next (viz. containing 0-5 ¢.c. saliva) 


0-5 F 
all the starch has disappeared, therefore To = (05 ec. saliva can 


hydrolyse 5 c.c. 1 per cent. starch, or 1 ¢.c. can invert 100 c.c. 1 per cent. 
starch. The diastatic action of pancreatic juice, of liver extract, of 
blood serum or of malt diastase may be measured in the same way, 
but different amounts of the ferment solution must be employed.* 


1 Weigh 1 or 2 gms. of pulverised “‘ soluble starch,” and stir it up in a 
beaker with an amount of distilled water sufficient to make a 1 per cent. 
solution. Place on a boiling waterbath and continue stirring until a clear 
opalescent solution is obtained. Cool before using. | ; 

2 Care must be taken that sufficient iodine solution is added to give the 
maximal reaction, but an excess must be avoided. The iodine solution is 
made by dissolving 12-7 gr. iodine in water containing 25 gr. potassium 
iodide, and then diluting to 1,000 c.c. 

® Care must be taken when using organ extracts, such as those of liver, 
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(Thus for blood serum and liver extract it is unnecessary to dilute the 


40° . : 
solution.) The results may be expressed by the formula * Dar in which 


the temperature and the length of time of incubation are shown. In the 


above example D367 = Ih, 


To study the influence of weak acids, etc., on the action of ptyalin the 
above method is very satisfactory, i.e. by adding some acid solution to 
one or more of the tubes. In some cases it is desirable to prolong the 
incubation for twenty-four hours, in which case some chloroform or 
toluol or thymol should be added to retard the development of micro- 
organisms. If very close results are desired, the observation should be 
performed with amounts of ferment solution which vary from one 
another by smaller amounts, or a second observation should be made 
taking amounts of ferment solution lying between the faintest blue and 
the next tube. 

It is of interest to compare by the above method the comparative 
diastatic powers of the various commercial preparations of diastase, 
taking human saliva as the standard. 


Preparation of Extract of Gastric Mucosa.—Scrape off the mucosa 
of a well-washed stomach of a pig, mix the scrapings with 100 times their 
bulk of 0-4 per cent. hydrochloric acid and digest the mixture for 
several hours at 40°C. Filter the extract through muslin and use for 
digest experiments. If a better extract be required excess proteoses 
may be got rid of by allowing digestion at 40° (in incubator) to proceed 
for several days. The extract is then saturated with ammonium sul- 
phate and the resulting precipitate of proteoses, which also contains the 
pepsin, pressed free of fluid, is again incubated for several days after 
dilution with several volumes of 0-5 per cent. hydrochloric acid. The 
precipitate formed after saturation of this digest with ammonium 
sulphate is rich in pepsin. Excess ammonium sulphate may be got 
rid of by dissolving the precipitate in water and dialysing it. 

An active extract may also be obtained by treating the mucosa 
scrapings with dilute hydrochloric and then extracting for some days 
with glycerine. 


Demonstration of Pepsinogen.—Grind up scrapings of about 3 square 
inches gastric mucosa with some sand in a mortar and add gradually 
20 c.c. of 1 per cent. sodium carbonate solution. Filter. The filtrate 
will not digest fibrin. Add then dilute HCl drop by drop until the 
filtrate is faintly acid to litmus and again incubate with fibrin. Digestion 
takes place. Divide this acid filtrate into two parts. To one add 1 per 
cent. sodium carbonate solution until alkaline and place at 40° C. for 
fifteen minutes after which again render it faintly acid with HCl. To 
both tubes add a piece of fibrin and digest in usual way. Digestion 
occurs in tube which has been kept acid in reaction but not in the other. 
Dilute alkali has no effect on pepsinogen, but it destroys pepsin. 


Methods of Estimating Activity of Pepsin Solutions.—Griitzner’s 
method, where the fibrin used was stained by means of carmine, was 


that the reaction of the incubation mixture is kept constant. This is best 


accomplished by adding a few drops of a saturated solution of Na HPO, to 
the solutions. 


1 D = diastatic power. 
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rendered more useful by Roaf, who used congo red as the indicator. 
This method, when congo red is used, serves for the rough estimation of 
both gastric and pancreatic juices. Place an equal amount (weighed) 
of stained fibrin* into two test tubes, and according to the ferment 
under investigation add 15 c.c. 0-4 per cent. HCl or 0-4 per cent. 
Na,CO; solution to one, and to the other 10 c.c. 0-4 per cent. HCl or 
0-4 per cent. Na,CO; solution and 5 ¢.c. of the gastric or pancreatic 
juice to be tested. Mix well and place in a water bath or incubator 
at 40°C. for fifteen to twenty minutes. Filter off undigested fibrin 
and examine the filtrate. Or if preferred two samples of digestive 
juice of different strengths may be compared. The more active the 
juice the more pigment in solution. The colour in the case of gastric 
digestion is bluish and is difficult to compare ; the red colour can be 
restored if the solution is rendered just alkaline by the addition of a 
very small amount of solid sodium carbonate. 

Other methods have been introduced for the quantitative estima- 
tion of both pepsin and trypsin in which the amount of digestion 
of proteins like edestin, ricin, egg albumen and caseinogen is deter- 
mined. The test with caseinogen is perhaps most readily carried out 
as the material required is most easily obtained; 1 gm. of com- 
mercial casein is dissolved in 16 c.c. of 25 per cent. HCl (sp. gr. 
1-124) in a litre flask on the waterbath and then made up to 
1,000 c.c. with water; 10 c.c. of this solution are placed in each of a 
series of test tubes and then varying amounts from 0:1 to 1 c.c. of the 
gastric juice to be tested are added. The tubes are then placed in a 
waterbath at 40°C. and allowed to digest for fifteen minutes. To 
each test tube there is then added a few drops of a 20 per cent. solution 
of sodium acetate; this precipitates all undigested caseinogen. The 
first tube in which a mere trace of clouding is observed is taken as 
containing the amount of enzyme which just sufficed to complete the 
digestion. The resultis usually stated in terms of units. The reciprocal 
of the amount which just suffices to complete digestion gives a measure 
of the proteolytic activity of the juice, e.g. in a test if 0-03 c.c. of juice 


HI 
sufficed to complete the digestion the value would be put as "93 OF 33 


units. 

When trypsin is to be determined the caseinogen (0-1 gm.) is dissolved 
in 5 c.c. N/10 NaOH, 25 c.c. water and then solution is boiled. After 
cooling the alkaline solution is neutralised with N/10 HCl and the volume 
made up to 100 ¢.c. (This solution does not keep well and ought 
always to be freshly prepared.) A series of test tubes, as before, are 
filled with 2 c.c. caseinogen solution, varying volumes of trypsin 
solution or pancreatic juice added. At the end of the period of digestion 
(one hour) caseinogen not digested is precipitated by means of acid 
alcohol (1 ¢.c. glacial acetic acid, 49 c.c. water and 50 c.c. 95 per cent. 
alcohol). End point and calculation as above. 


Mett’s Method.—A narrow glass tube (1-2 mm. diam.) drawn to a 


1 Carefully cleaned minced fibrin is allowed to soak in 0:5 per cent. congo 
red solution for twenty-four hours (50 gms. moist fibrin per 100 c.c. solution). 
It is then poured into a large volume of water and heated for five minutes to 
80°C. It is then collected on a cloth, well washed under the tap, squeezed 
as dry as possible and kept in equal parts glycerine and water. Add a little 
toluol as preservative. 
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fine point at both ends, is filled with egg white, the ends closed in the 
flame, and the tubes then heated in a boiling waterbath so that a 
column of coagulated albumin is obtained. It is then cut into seg- 
ments of equal length, and two of these are placed in a test tube or 
Petri dish which contains the pepsin solution, acidified with 0-2 per 
cent. hydrochloric acid. Two similar tubes are placed in another test 
tube or Petri dish with another pepsin solution of different strength. 
Both are placed in the incubator for several (ten) hours. The length 
of dissolved protein column is then measured in both cases, and the 
desired result is obtained by squaring this distance. 

Thus if in one test tube the length were 2, and in the other 3, the 
strength of the two pepsin solutions has the ratio of 4 to 9. 

This method is only accurate when weak pepsin solutions are used. 
If more than 4 mm. of protein are digested, the estimation must be 
repeated with diluted solutions. 


Isolation of Amino Acids.—Mince up a pig’s pancreas thoroughly, 
and shake it in a flask with 500 c.c. of water containing 3 c.c. of a 
saturated solution of sodium carbonate, and 3 ¢c.c. of chloroform. Add 
also about 200 gms. of blood fibrin, which has previously been soaked 
in 1 per cent. sodium carbonate solution. Place the flask in an incubator 
at body temperature, and after three days test the reaction of the digest 
towards litmus. If acid, add more sodium carbonate till distinctly 
alkaline. Also remove about 10 c.c. and filter into a test tube. To 
this sample carefully add a few drops of bromine water. A violet - 
colour results, the intensity of which should be carefully noted. This 
colour reaction is due to tryptophan, an aromatic amino acid which is 
liberated by the action of trypsin. 

Test the reaction towards litmus and the intensity of the tryptophan 
reaction on each succeeding day. When the tryptophan reaction 
becomes very intense (in about five days) proceed to isolate leucine 
and tyrosine in the following manner :— 

The digest is rendered faintly acid with acetic acid, boiled and 
filtered hot. Asample of the filtrate is removed and tested for proteose. 
A negative result is usually obtained. 


1. Separation of Tyrosine——The remainder is evaporated on the 
waterbath to a thin syrup. This is allowed to stand on ice or in a cold 
place for several days. White flocculi of tyrosine separate out. These 
are filtered through fine muslin, and removed to a beaker by means of a 
jet of cold distilled water and washed several times with distilled water 
by decantation. They are then dissolved by boiling with water made 
alkaline by the addition of a few drops of ammonia, and the resulting 
solution is quickly filtered hot. The filtrate is heated till all the 
ammonia is expelled ; it is then cooled, when the tyrosine separates out 
as a white precipitate. This is collected on a filter paper, washed, and 
dried. The following reactions may be applied to the resulting powder : 

(1) Tyrosine is insoluble in cold water, slightly soluble in hot water, 
and very soluble in dilute alkali. 

(2) A solution in hot water gives a red colour on the addition of 
Millon’s reagent. This is because tyrosine contains an aromatic radicle 
(p. 240). 

(3) Piria’s Test.—Place some of the powder in a dried test tube, add 
about 2 c.c. concentrated sulphuric acid, and place the test tube in a 
boiling waterbath for half an hour. Now cool and dilute with water, 
transfer to an evaporating basin, and remove the sulphuric acid by 
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adding powdered barium carbonate ; filter off the barium sulphate, 
evaporate the filtrate to small bulk, and adda drop or two of very weak 
ferric chloride solution. A violet colour results. 


_2. Separation of Leucine.—The tyrosine-free filtrate is evaporated 
till a skin of leucine forms on the surface. It is then mixed while still 
warm with several times its bulk of.alcohol, whereby a precipitate 
(previously known as antipeptone) separates out, which after cooling 
can be removed by filtration. This precipitate consists of a mixture of 
several bodies, including lysine, histidine, and arginine. The filtrate is 
evaporated on the waterbath until all the alcohol has been driven off. 
It is then boiled with lead carbonate and filtered. The lead is removed 
from the filtrate by means of H.S, the PbS separated by filtration, and 
the final filtrate accurately neutralised with weak NaOH. After 
concentrating the filtrate by evaporation on the waterbath on cooling 
leucine will separate out. 

Reactions of Leucine.—(1) It is much more soluble in water than is 
tyrosine ; it is soluble also in alcohol. 

(2) When heated in a piece of dry glass tubing, a sublimate forms on 
the cool parts of the tube. 

(3) Like other amino acids, it gives off ammonia gas when heated in a 
test tube with a piece of solid caustic potash and a few drops of water. 
If the melt be cooled, dissolved in water, and then acidified with 
sulphuric acid, it gives a smell of valerianic acid on heating. 

(4) Scherer’s Test.—Heat some leucine witha drop of nitric acid ona 
piece of platinum foil, add to the dry residue some caustic potash, when 
a yellow stain results. Heat still further, and the stain rises up into a 
globule which runs off the platinum. 

(5) Examine a solution of leucine with the polariscope (p. 255). It is 
levo-rotatory (a)p —in aqueous solution = — 10-8°. The leucine which 
is obtained by boiling protein with baryta, or that obtained 
synthetically is optically inactive, and the dextro-rotatory form may be 
obtained from this by allowing penicillium glaucum (a fungus) to grow 
on a solution of it. The fungus destroys the levo-rotatory part, but 
leaves the dextro-rotatory untouched. Moulds, yeasts and ferments 
act much more energetically on naturally occurring than on synthetic 
isomers. 

Tryptophan.’—If bromine water be cautiously added to a tryptic 
digest of several days’ standing a deep violet-red colour will result, and 
if the mixture be shaken with amy] alcohol, the alcohol will take up the 
colour. The glyoxylic reaction (see p. 240) will also be very distinct in 
the digest even after the Biuret reaction has disappeared (i.e. after the 
protein molecule has been quite destroyed). Both these reactions are 
due to tryptophan, which is closely related in its chemical structure to 
certain of the aromatic substances that are produced by the bacterial 
digestion of protein. 

Separation of Tryptophan.—A large amount (500 gr.) of commercial 
casein is mixed with liquor pancreaticus (200 c.c. Benger) and 0-8 per 
cent. Na,CO,, and placed in an incubator for about a week. The 
ferment should be added, half at the beginning and the remainder 
three or four days later. Toluol should be added. 


1 A single digestion mixture may be employed for the separation of leucine, 
tyrosine and tryptophan, but in such a case both fibrin and casein ought to be 
added, since casein is the only common protein which yields any large amount 
of tryptophan. It also contains a considerable amount of tyrosine. 

A. A 
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Digestion is allowed to proceed until the bromine water reaction is 
maximal. The digest is then boiled, cooled and filtered, and H,SO, 
added to the filtrate, so as to bring the amount of H,SO, in the latter 
to 5-6 per cent. If any precipitate is hereby formed it should be 
filtered off. The clear filtrate is then mixed with an excess of an acid 
solution of mercuric sulphate (10 per cent. mercuric sulphate dissolved 
in 10 per cent. H,SO,) and filtered. This reagent may precipitate, 
besides tryptophan, some tyrosine and cystine. 

From tyrosine the precipitate is freed by washing it with 5-6 per cent. 
H,SO,, the mercury compound of tyrosine being very soluble in this. 
From cystine (which is scanty in a digest of casein) the tryptophan is 
separated by reprecipitation. For this purpose the washed mercury 
precipitate is suspended in water and decomposed with H,S gas. To 
complete this reaction the suspension must be saturated with the gas, 
then warmed and saturated again. The HgS precipitate is filtered off, 
the filtrate warmed to rid it of H,S, then acidified to 5-6 per cent. 
H,SO,, and the mercuric sulphate reagent added to it until a small 
permanent precipitate is produced. This is mainly cystine, and is 
filtered off. The tryptophan in the filtrate is then completely pre- 
cipitated by mercuric sulphate, and the resulting precipitate treated 
exactly like the first one. 

In this way a solution of tryptophan in 5-6 per cent. H.SO, is 
obtained. The H,SO, is now precipitated by adding baryta water 
whilst warm and filtering. Great care should be taken that the filtrate 
contains no excess either of H,SO, or of Ba(OH),. The watery solution 
of tryptophan is then mixed with half its bulk of alcohol and evaporated 
on a waterbath. During evaporation small quantities of alcohol are 
added from time to time to prevent the browning which occurs if watery 
solutions of tryptophan are heated alone. Evaporation proceeds till 
crystallisation commences, when the basin is removed and allowed to 
stand. The crystals (glistening plates) are collected on a filter, and, 
to purify them, may be recrystallised. : 

A solution of the crystals gives the bromine and the glyoxylic reactions 
very distinctly, and if the crystals be heated in a test tube indol and 
scatol (see p. 282) are evolved. 

Tryptophan is the mother-substance of indol, which, along with its 
methyl derivative scatol, is largely responsible for the fecal odour. 
These bodies are produced from tryptophan by bacterial growth 
(see p. 282). 


Preparation of Cystine (Folin).—Place 50 gms. wool in a 500 c.e. 
flask, add 100 c.c. cone. HCl and place on a waterbath until all dissolved. 
In order to prevent undue loss of fluid close mouth of flask with a cork 
carrying a 3-foot length of glass tubing to act as a simple condenser. 
When completely dissolved boil very gently over a small flame for three 
to four hours. Add solid sodium acetate (100-130 gms.) until congo 
red paper no longer turns blue. Allow mixture to stand three to five 
days (the longer the better up to three weeks), then filter on a Buchner 
funnel and wash with cold water. Dissolve precipitate in 150 c.c. 
water + 5-10 c.c. conc. HCl, add about 20 gms. purified bone charcoal 
and boil 5-10 minutes. Filter again with suction, heat filtrate to 
boiling, neutralise hot by adding very slowly hot concentrated sodium 
acetate solution, taking care not to add an excess (test constantly with 
congo red paper). Precipitate formed is cystine. If crystals not white 
repeat solution and treatment with charcoal. Note crystal form and 
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test for sulphur. A fair yield of tyrosine may be had from the original 
mother liquor. 

Rennin Action .—Preparations of trypsin have a rennin-like action on 
milk if sufficient calcium be added (see p. 277). 

Intestinal Juice. Succus Entericus.—This is secreted by Lieber- 
kuhn’s follicles. 

Extracts of the mucous membrane of the intestine, prepared by 
scraping this off and grinding it with sand and water and then filtering 
through muslin, usually contain large amounts of ferments. This 
extract will contain both exoenzymes and endoenzymes. 


To Demonstrate the Ereptic Power of Tissues——Take 20 gms. 
minced liver, and 20 gms. mucous membrane of the intestine 
(scraped off with a scalpel). Grind each in a mortar with fine quartz 
sand and 20 ¢.c. of a 0-2 per cent. solution of Na,CO 3. Filter the 
extracts through muslin. Divide each extract into two equal parts, 
A and B. To A of each extract add 1 c.c. of a 2-5 per cent. solution of 
Witte’s peptone, and to B a similar amount of a 2-5 per cent. solution of 
egg-white. Remove a few drops of the contents of each of the four 
test tubes, and apply the Biuret test, noting the results. Place the 
tubes in the incubator at body temperature, and at the end of an hour 
again remove a little of the contents of each tube, and apply the Biuret 
test. It will be found that there is no change in the tubes (B) containing 
egg-white, but that in the tube (A), containing the intestinal extract, 
the test has become very feeble or disappeared entirely. By longer 
incubation, the Biuret secretion will also disappear from the tube (A) 
containing liver. 

By thus ascertaining the time required to split up a standard solution 
of peptone, so that the Biuret test is no longer given, a comparative 
estimate may be made of the ereptic power of different extracts. 


Separation of Bile Salts —Thoroughly mix 50 gms. pure animal charcoal 
with 200 c.c. of ox-bile in an evaporating dish, and evaporate the mixture 
to dryness on a waterbath. During the drying the mixture should be 
frequently stirred. The black powder thus obtained can be kept a 
considerable time. To extract the bile salts from it, mix it with 
absolute alcohol in a flask and place the flask on the boiling water-bath 
for about a quarter of an hour, cool, filter into a dry cylinder, and 
add anhydrous ether to the filtrate till a permanent haze is produced. 
Now cover the cylinder witha ground glass plate, and allow it to stand 
in a cool place till next day, when it will be found that a crystalline 
mass of bile salts has separated out (Plattner’s Crystalline Bile). The 
crystals can now be collected on a filter paper and allowed to dry in a 
desiccator. 

A 1 per cent. solution of the crystals should now be made, and 
Pettenkofer’s reaction (see p. 280) applied to it by the following method ; 

Dissolve a few grains of cane-sugar in the solution (5 ¢.c.), and run 
concentrated sulphuric acid down the side of the tube so as toform a layer 
underneath the watery solution. A violet ring is formed where the 
two fluids meet. Now place the test tube in a beaker of cold water, 
and shake gently so as to mix the two fluids. A violet solution is thus 
obtained. (By cooling the test tube in water too great a rise of 
temperature is avoided.) Divide the violet solution into two parts, 
AandB. Add A to some ether and examine by means of the spectro- 
scope—a distinct band is seen in the green. Add B to some absolute 
alcohol and note that, although the spectrum is at first the same asin A, 
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a band gradually develops in the blue, and that, along with the develop- 
ment of this, the tint of the solution changes from violet to brown. 


To Prepare Pure Glycocholic Acid.—In certain districts of 
Germany and America it has been observed that the glycocholic 
acid can be separated from the bile by a very simple process, and, 
so far as it has as yet been tried, the bile obtained from oxen reared in 
this country appears to be suitable for the process. The method is as 
follows :— . 

Some ox bile is placed in a stoppered cylindrical vessel, and mixed 
with ether and hydrochloric acid in the proportion of ten parts of the 
former and four parts of the latter, for every hundred parts of bile. A 
few crystals of glycocholic acid are added to the mixture so as to start 
the crystallisation, the vessel is stoppered, vigorously shaken, and then 
allowed to stand in a cool place. After some time the mass will be 
found to be “‘solid”’ with crystals. These are collected on a filter 
paper, and washed with cold distilled water till no more pigment can be 
removed. They are then removed to a flask and dissolved in boiling 
water ; the solution is filtered hot, and the filtrate, on cooling, deposits 
numerous acicular crystals of the acid. These may now be collected, 
washed with distilled water, and dried. 


Preparation of Taurin.—Bile from carnivorous animals—cat or dog— 
is heated on a sandbath with one-third its bulk of concentrated hydro- 
chloric acid until a resinous-like mass of the anhydride of cholalic acid 
(called Dyslysin) has formed. This can be drawn out into brittle threads 
by means of a glass rod. The dyslysin is filtered off, and the filtrate is 
evaporated to a small bulk, the sodium chloride, which crystallises out 
during the evaporation, being removed by filtration. The thin syrup 
is then poured into fifteen times its bulk of alcohol, and left standing 
twenty-four hours, when the taurin will have crystallised out. It 
can be purified by collecting the crystals on a filter paper, and washing 
with cold water. 


CHAPTER XXII 
BLOOD 


Preparation of Fibrin Ferment.—Blood serum or defibrinated blood 
is mixed with twenty times its bulk of alcohol. A copious white 
precipitate is obtained. Allow this to stand under alcohol for six to 
eight weeks. All proteins other than fibrin ferment are coagulated. 
Decant fluid, collect the precipitate on a filter and after all alcohol has 
drained off grind the precipitate in a mortar with water. The watery 
extract which can be filtered contains the fibrin ferment. 


Estimation of the Coagulation Time (Dale and Laidlaw), see Part IT 
(page 216). 


Quantitative Examination of some of the Various Blood Constituents 


Total Nitrogen.—Pipette off carefully 1 c.c. of oxalated blood into 
an ordinary combustion flask and carry out the determination of the 
total nitrogen present by the ordinary Kjeldahl method as given in the 
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analysis of urine. Or the determination may be carried out after 
appropriate dilution (1 ¢.c. oxalated blood diluted to 25 ¢.c. with water 
and 1 c.c. of this diluted blood used). 

As regards the determination of the other constituents many methods 
have been introduced. If a series of determinations have to be carried 
out on a single blood the method introduced by Folin has been found 
to be generally useful. The main drawback is the amount of blood 
required. Folin’s scheme will be given. 


Preparation of Protein-free Blood Filtrates——Collect by means of 
a syringe or other suitable apparatus, the blood, say 10 ¢.c., over 
finely powdered potassium oxalate, using about 20 mg. of oxalate 
for 10 c.c. blood. Transfer a measured quantity (5 ¢.c. or more) 
of oxalated blood to a flask having a capacity of fifteen to twenty 
times that of the volume of blood taken. Add seven volumes of water 
to lake the blood, then one volume of a pure 10 per cent. solution of 
sodium tungstate? (Na,WO,,2H,O) and mix. Add from a graduated 
pipette, slowly and with shaking, one volume of two-thirds normal 
sulphuric acid.* Close the mouth of the flask with a rubber stopper 
and shake well. Very few bubbles, if any, will form as the result of the 
shaking if the conditions are right. Stand for five minutes when the 
colour of the coagulum ought to change from bright red to dark brown. 
If this change of colour does not take place, usually due to excess of 
oxalate, coagulation is incomplete, but coagulation may then be ensured 
by the addition of 10 per cent. sulphuric acid drop by drop and vigorous 
shaking after each drop. Continue until practically no foaming and 
the change to dark brown colour occurs. 

Now pour the mixture on to a filter large enough to hold it all. Folin 
advises that a few c.c. be first poured on to the double portion of the 
filter paper and that the remainder should be withheld until the whole 
filter has been wet. As soon as complete wetting takes place pour in 
the rest of the mixture and cover with a watch glass. If conditions 
are right even the first few drops of the filtrate should be water clear ; 
no re-filtering should be necessary. If filtrate has to be kept for any 
time (more than two days) add a few drops of toluol as a preservative. 
The filtrate which results is suitable for the determination of non- 
protein nitrogen, urea, uric acid, creatinine, creatine and sugar. 


Determination of Non-protein Nitrogen.—Pipette 5 c.c. of the above 
filtrate into a hard glass test tube (200 mm. x 25 mm.), marked at 35 
and 50 e.c., which should either be perfectly dry or just previously 
rinsed with alcohol and drained, and add 1 ec.c. diluted acid mixture 
(1 part acid mixture, 1 part water). Boil vigorously over a micro 
burner until tube is filled with dense fumes (in from three to seven 
minutes, depending on the size of the flame), then reduce the flame 
sharply so that speed of boiling is reduced to lowest limit. Cover mouth 
of test tube with a watch glass and continue gentle heating for two 
minutes from the time the tube is filled with fumes. If solution is not 


1 Sodium tungstate used should be free from excess of sodium carbonate. 

2 Two-thirds normal H,SO,, 35 .c. cone. acid diluted to 1,000 e.c. Itis 
advisable to check by titration. Acid is used to take up the sodium from the 
tungstate. Tungstic acid combines with the proteins, filtrate is only slightly 
acid to congo red. 

3 Acid Mixture.—To 50 c.c. of a 5 per cent. copper sulphate solution add 
300 c.c. of 85 per cent. phosphoric acid, mix, then add 100 c.c. concentrated 
N-free sulphuric acid, again mix. Keep free from all ammonia fumes. 
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then perfectly colourless heating must be continued until this end is 
attained. When colourless allow digestion mixture to cool for seventy 
to ninety seconds, then add 15-25 c.c. water, cool to room temperature 
and finally add more water to make total volume 35¢.c. Add 15 c.c. of 
Nessler’s solution,! close with a clean rubber stopper and mix. If 
solution is turbid it must be centrifuged before doing the colour value 
with the standard. 

Folin’s standard is 0-3 mg. of N. Add 3 c.c. of standard ammonium 
sulphate solution (0:-4716 gm. absolutely pure dry ammonium sulphate 
dissolved in 1 litre water, 10 c.c. of this solution contains 1 mg. 
of nitrogen) to a 100 c.c. volumetric flask, then 2 ¢.c. of the acid mixture 
to balance acid in other test, dilute to about 60 c.c. and add 30 c.c. of 
Nessler’s solution. Fill to mark and mix. The unknown and the 
standard should be nesslerised simultaneously. 

Calculation. If standard is set at 20 mm. in the colorimeter, 20 
divided by the reading of the unknown and multiplied by 30 gives the 
non-protein nitrogen in mgs. in 100 c.c. blood. 


Determination of Urea.—Put 5 c.c. of the tungstic blood filtrate in 
a clean hard glass tube (200 x 25 mm.), add 2 drops of a phosphate 
mixture (60 gms. monosodium phosphate and 179 gms. crystallised 
disodium phosphate dissolved in warm water and diluted to 1 litre) 
and 1 c.c. of an active urease solution. Immerse the test tube in warm 
water (40°-55° C.) for five minutes. In another test tube with a 25 c.c. 
mark place 2 c.c. of 0:05 N hydrochloric acid. After the addition to the 
urease tube of a dry pebble, a drop or two of paraffin and 2 c.c. saturated 
borax solution connect the two tubes by means of glass tubing, carrying 
two rubber corks and of such a length that the tubing on the receiver 
side dips beneath the surface of the acid. Having inserted both corks 
boil at a moderately fast, and as uniform as possible, rate for four minutes. 
Then slip off receiver, leaving connecting tube still inside, but free from 
acid solution and continue boiling for another minute. Rinse the end 
of the delivery tube with a little water, cool the distillate under the tap 
and dilute to about 20c¢.c. Prepare standard solution of ammonium 
sulphate by diluting 3 c.c. of the standard in a 100 e.c. flask to about 
75 c.c. Nesslerise by adding to standard flask 10 c.c. Nessler solution 
and to the test tube 2-5 c.c., dilute both to appropriate volume (i.e. 
100 c.c. and 25 c.c. respectively) and do colorimetric reading. 

Calculation. Set standard at 20 m. Divide 20 by reading of un- 


1 Nessler’s Reagent.—Place 150 gms. KI and 110 gms. Tin a 500 c.c. flask, 
add 100 c.c. water and an excess of metallic mercury (140-150 gms.). Shake 
vigorously and continuously for seven to fifteen minutes or until dissolved 
iodine has nearly all disappeared. Solution becomes hot. When red iodine 
solution begins to become definitely pale, though still red, cool in running 
water and continue shaking until solution assumes a greenish colour (about 
fifteen minutes in all). Decant off the solution from the surplus mercury, 
wash well with water, dilute solution and washings to 2,000 c.c. 

From a completely saturated solution of NaOH (55 gms. NaOH per 100 c.c.) 
prepare an approximately accurate 10 per cent. solution. To 3,500 c.e. of this 
10 per cent. NaOH add 750 c.c. of the double iodide solution and 750 c.e. of 
distilled water, giving thus in all 5 litres of Nessler’s solution. 

To prevent turbid mixtures on the addition of Nessler solution to the fluid to 
be tested as a general rule the volumetric flask or test tube should be at least 
two-thirds full before the addition of Nessleris made. The volume of Nessler 
to be added should form about 10 per cent. of the ultimate total volume of 


fluid and reagent. This amount is of course modified if much acid or alkali 
1s present, 
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el and multiply by 15. Result is urea nitrogen in mg. in 100 c.e. 
ood. 

If an autoclave is available and there are many ureas to be done it is 
much more convenient to hydrolyse 5 c.c. of the filtrate in a hard glass 
test tube with 1 c.c. normal HCl at 150° for ten minutes. (Cover mouth 
of test tube with tinfoil.) In the subsequent distillation of the ammonia 
on account of the acid present 2 c.c. of 10 per cent. sodium carbonate 
must be used in place of borax. 

(If preferred the 0-05 N HCl used for receiving the ammonia distilled 
over may be titrated with 0-05 N alkali instead of using the Nessler 
method. Thesame statement applies to the estimation of non-protein 
nitrogen if the ammonia is distilled off and received in 0-05 N acid.) 


Determination of Preformed Creatinine.—Pipette 10 c.c. of blood 
filtrate into one small flask and into another similar flask 5 c.c. of 
standard creatinine solution (v. i.) and 15 c.c. water. Add to the blood 
filtrate 5 c.c. and to the standard creatinine solution 10c.c. of freshly 
prepared alkaline picrate solution (25 c.c. saturated solution of pure 
picric acid mixed with 5 c.c. 10 per cent. sodium hydroxide). Allow 
both to stand eight to ten minutes then do colour comparison in the 
ordinary way. This comparison should be completed within fifteen 
minutes after the addition of the picrate. Also it is advisable to have, 
if possible, several standard creatinine solutions available in case of 
meeting with very abnormal blood creatinines. If necessary, however, 
the unknown may be further diluted by the addition of dilute alkaline 
picrate solution (1 part solution: 2 parts water). 

The standard (blood) creatinine solution. Add from a known solution 
of pure creatinine (pure creatinine may be prepared by the method of 
Benedict, J. Biol. Chem., 1914, 18, 183) an amount containing 6 mg. of 
creatinine and 10 c.c. of normal hydrochloric acid to water contained ina 
litre flask, mix and dilute to mark. Solution may be kept as stock 
after addition of a few drops of toluol. 5 c.c. of this solution contain 
0-03 mg. creatinine and this amount plus 15 c.c. water represents the 
standard required for most human bloods, approximately 1-2 mg. per 
100 c.c. If blood is known to be rich in creatinine a smaller volume of 
blood filtrate may be used. 

Calculation. The reading of the standard in mm. (usually 20) 
multiplied by 1:5 and divided by the reading of the unknown in mm. 
gives the amount of creatinine in mg. in 100 c.c. blood. As standard is 
made up to twice the volume of the unknown, 5 c.c. while actually 
containing 0-03 mg. creatinine corresponds to 0-015 mg. in the blood 
filtrate. 

Folin recommends that in all cases where the colorimeter is used a 
preliminary comparison be always made between two amounts of the 
standard solution employed in order to ascertain that the two fields 
of the colorimeter are equal. 


Determination of Total Creatinine (Creatine and Preformed Creatin- 
ine).—Place 5 c.c. of the blood filtrate in a test tube graduated at 
25¢.c. Addle.c. normal hydrochloric acid. Cover mouth of test tube 
with tinfoil and heat in autoclave at 130° C. for twenty minutes (155° C. 
for ten minutes suffices). Cool, then add 5 e.c. of the alkaline picrate 
solution as above, let stand eight to ten minutes and then dilute to 
‘25 c.c. The standard solution is 10 c.c. of the creatinine solution in a 
50 c.c. flask, add 2 ¢.c. normal HCl and 10 ¢.c. alkaline picrate. Allow 
to stand for ten minutes, then dilute to 50 c.c. 
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Calculation. Reading of standard in mm. (usually 20) divided by 
the reading of the unknown and multiplied by 6 gives total creatinine in 
mg. in 100 c.c. blood. Average value is 5-6 mg. per 100 c.c. 


Determination of Uric Acid.—To 10 c.c. of blood filtrate in each of 
two centrifuge tubes add 2 c.c. of a 5 per cent. solution of silver lactate 
in 5 per cent. lactic acid. Stir with a very fine glass rod. Centrifuge ; 
add a drop of the silver lactate solution to the supernatant fluid, which 
should remain clear. Decant off as completely as possible the clear 
fluid and then add to each tube 1 c.c. of a 10 per cent. solution of sodium 
chloride in 0-1 normal HCl ; stir thoroughly. Then add 5-6 c.c. water, 
again stirring, and the centrifuge till clear. (Addition of salt solution 
frees uric acid from precipitate.) Transfer the two supernatant fluids to 
a 25c.c. volumetric flask by decantation, add 1 c.c. 10 per cent. sodium 
sulphite solution, 0-5 c.c. 5 per cent. sodium cyanide solution and 3 c.c. 
20 per cent. sodium carbonate solution. 

Prepare now two standard solutions of uric acid containing different 
amounts of uric acid. Add 1 c.c. standard uric acid solution! to one 
50 c.c. volumetric flask and 2 c.c. to another similar flask. To the 
first flask add in addition 1 ¢.c. of 10 per cent. sodium sulphite solution 
and then to each flask 4 c.c. of the acid solution of sodium chloride, 
1 c.c. of the sodium cyanide solution, 6 ¢.c. of the sodium carbonate 
solution and finally dilute with water to about 45 ec.c. Solutions 
contain 0-1 or 0:2 mg. uric acid. 

Now add to the standard solutions and to the unknown the uric acid 
phosphotungstic reagent (v. p. 331), 0-5 c.c. to the unknown and 1 ¢.e. 
to each of the standards, mix well, let stand ten minutes, fill to the mark, 
with water, mix again and then do colour comparison. 

Calculation. If the weaker standard, for example, be set at 20mm., 
then 20 multiplied by 2-5 divided by the reading of the unknown gives 
mg. uric acid in 100 ¢.c. blood. Note the blood filtrate taken corre- 
sponds to 2 ¢.c. blood and the standard is diluted to twice the volume 
of the unknown. 


Determination of Sugar in Blood.—If only small amounts of blood 
are available estimation of dextrose by Maclean’s method (Biochem. 
J., 1919, 18, 135) gives very good results. 

The method is carried out as follows. Blood obtained by pricking 
the finger is collected in a special pipette of 0-2 ¢.c. capacity. The 
blood should not be sucked up but should, by inclining the pipette, be 
allowed to run up. (The pipette must be perfectly clean. After use 
it should be well washed with water, then with a sulphuric acid bichro- 
mate mixture, finally washed out with distilled water, alcohol and 
ether, and dried.) When the blood has reached the 0-2 ¢.c. mark the 
tip of the pipette is removed from the blood and any adherent or excess 
blood wiped off. The blood in the pipette is now delivered into 23-8 
c.c. of acidified sodium sulphate 2 solution which has been measured 


1 Standard Uric Acid Solution.—Dissolve 1 gm. uric acid in 150 ¢.c. water by 
help of 0-5 gm. lithium carbonate in a 500 c.c. flask. Dilute to 500 e.c. and 
mix. Of this solution take 50 c.c. in a litre flask, add 500 e.c. 20 per cent. 
saree sulphite solution, dilute to mark and mix. Store in tightly stoppered 

ottles. 

2 Acidified sodium sulphate solution. 

Pure sodium sulphate (eryst.) . : : - 150 grms. 
Glacial acetic acid (pure) . : : : o Ah ee. 
Distilled water to . P ; c ; +. 1,000 ¢.e; 
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from a burette into a 100 c.c. hard glass Erlenmeyer flask. The pipette 
is washed out to remove the last traces of the blood by alternately 
sucking up and blowing out the solution. The flask is closed with a 
rubber cork through which a small piece of glass tubing, drawn out at 
its lower end into a capillary tube, passes, and is heated over a Bunsen 
until bubbles begin to rise. It is now removed from the flame, and 
after standing a few minutes the cork is loosened and 1 ¢.c. of dialysed 
iron tintroduced. Thereafter the flask is well shaken so as to get down 
any condensation fluid and to mix the contents thoroughly. The flask 
is then cooled under a running tap and the contents subsequently 
filtered through a 9 cm. Whatman filter paper No. 1. 

The estimation of the sugar content of the filtrates is now carried out. 
It is essential here that the heating must be standardised. This is 
best done by interposing a small manometer between the gas supply 
and the Bunsen burner (which should always be fitted with a small 
chimney to protect the flame from draught). By previous experiment 
the pressure of gas, as indicated by the manometer, necessary to bring 
to brisk boiling point 20 ¢c.c. of sodium sulphate solution and 2 c.c. 
copper solution in one minute forty seconds is adjusted. The mano- 
meter is carefully marked at the proper level. (As fluid is gradually 
lost from the manometer tube additions must be made from time to 
time to maintain the basic level.) 20 c.c. of the clear deproteinised 
blood (if a high blood sugar-level is anticipated 10 c.c. of the filtrate 
plus 10 c.c. acid sodium sulphate solution) are measured into a 100 c.e. 
Erlenmeyer flask and 2 c.c. of the alkaline copper solution * are added 
from an accurate pipette and the whole brought to the boil over the 
adjusted flame. The boiling is continued for ewactly six minutes from 
the moment brisk boiling starts. At the end of this period the flask 
is cooled under the tap for about a minute. Complete cooling is 
essential. To the cooled solution 2 c.c. of 25 per cent. sulphuric acid 
are added and the flask is gently shaken until all effervescence ceases. 
At the expiry of one minute N/400 thiosulphate solution * (which must 


1 Dialysed Iron should be of B.P. strength and free from chlorides. 
2 Alkaline copper iodide solution. 


Potassium Bicarbonate. : : ; > 12 orm 
Potassium Carbonate (anhyd.) ‘ : ater 
Copper Sulphate (cryst.) . : ; , 2 ae, 
Potassium Iodate ; : i ; Pe 003 
Potassium Iodide F : : ; ; 4» Kons Ff. 
Distilled water to . ; 100 c.e. 


The pot. bicarb. is first dissolved by gentle heat (not over 37°) in 60-70 c.c, 
water, carbonate then added, and before it has completely dissolved the 
copper sulphate previously dissolved in a few c.c. water is poured in. Any 
carbonate remaining is dissolved by the aid of heat. The iodide and iodate 
are added as solids, and after complete solution the volume is made up to 
100c.c. After thorough shaking the solution is filtered through a starch-free 
Whatman No. 1 paper. The solution keeps indefinitely. 

3 Standard thiosulphate solution. ' 

An N/10 solution of sodium thiosulphate (2-4823 grm. Na,S,03.5H,O in 
100 c.c. water)is made up and kept as stock. To prepare N/400 thiosulphate 
5 c.c. N/10 solution is measured into a 200 ¢.c., flask which is then filled to the 
mark with water. This dilute solution keeps badly. 

To standardise against the alkaline copper solution place 2 c.c. copper 
solution in a small Erlenmeyer flask containing 10 c.c. of the acidified sodium 
sulphate solution. 2.¢,c. 25 per cent. sulphuric acid are added and the flask 


362 PRACTICAL PHYSIOLOGY 


previously have been accurately standardised against the alkaline 
copper solution) is run in from a burette until the yellow colour of the 
liberated iodine has almost disappeared, then two drops of starch 
solution (approximately one per cent. solution of soluble starch) are 
added and the titration completed. 

The percentage of sugar present in the blood is then obtained from 
the table (Table below). For example, if the titration required 8-98 c.c. 
thiosulphate and 2 ¢.c. of the alkaline copper solution itself required 
11-05 c.c., the difference represents the sugar present. The difference 
here found, viz. 2:07 ¢.c. in actual fact = 0-18 mg. sugar, hence it 
follows that four-fifths (i.e. the aliquot portion of the filtrate taken) 
of 0-2 c.c. blood contains 0-18 mg. sugar, and therefore 1 c.c. will have 
5/4 x 5/1 x 0-18 or 0-112 per cent. 

Blood taken from a finger gives slightly higher results than blood 
from a vein. 


TABLE 


Percentage of Dextrose equivalent to N/400 Sodium Thiosulphate 
solution when 20 c.c. blood filtrate are used. 


N/400 Percentage N/400 Percentage N/400 Percentage 
Thio. Dextrose. Thio. Dextrose. Thio. Dextrose. 
0-12 0-018 2-22 0-118 4-24 0-218 
0-25 0-025 2°35 0-125 4.37 0-225 
0-38 0-031 2-44 0-131 4-49 0-231 
0-50 0-037 2-61 0-137 4-62 0-237 
0-62 0-043 2-74 0-143 4-74 0-243 
0-73 0-050 2-86 0-150 4:87 0-250 
0-86 0-056 2-99 0-156 4-99 0-256 
0:99 0-062 3-11 0-162 5:12 0-262 
1-13 0-068 3-24 0-168 5:24 0-268 
1-26 0-075 3-36 0-175 5:37 0-275 
1:39 0-081 3°49 0-181 5:49 0-281 
1:53 0-086 3°61 0-187 5-62 0-287 
1-67 0-093 3°74 0-193 5-74 0-293 
1-80 0-100 3°87 0-200 5°87 0-300 
1-94 0-106 3°99 0-206 5:99 0-306 
2:07 0-112 4-12 0-212 6-12 0-312 


Many workers prefer the Schaffer-Hartmann method (J. Biol. Chem. 


45, 1920, 365) or the method of Hagedorn-Jensen (Biochem. Zeitsch. 
137, 1923, 92). 


_ Determination of Cholesterol (Myers).—1 c.c. of blood is pipetted 
into a porcelain crucible containing 4-5 gms. of plaster of Paris, stirred 
and dried preferably in the oven (about 70° C.) for an hour. It is then 


is rotated until cessation of effervescence. The iodine liberated is titrated 
against N/400 thiosulphate. The thiosulphate is run in until the yellow 
colour of the iodine has almost disappeared, the starch solution is added and 
the titration continued until the disappearance of the blue colour. 2 c.c. 


of the alkaline copper solution should require 11-05 c.c. N/400 thiosulphate 
if the iodide and iodate used are quite pure. 
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emptied into a small paper extraction thimble (4 em. long), which is next 
inserted into a short glass tube (2-5 x 7 cm.) with a number of holes in 
the bottom and sides. This tube is connected with a reflux condenser 
and the tube and cork (of the condenser) inserted in the neck of a 
150 ¢.c. extraction flask containing 20-25 ¢.c. chloroform. Extraction 
is carried on for sixty minutes on an electric hot-plate; the chloro- 
form is then made up to some suitable volume, such as 20 c.c., fil- 
tered if necessary, and then a colorimetric estimation is made. 65 c.c. 
of the chloroform extract is pipetted into a dry test tube and 2 c.c. 
acetic anhydride (must be anhydrous) and 0-1 ¢.c. of concentrated 
sulphuric acid are added. After thorough mixing the solution is 
placed in the dark (and if necessary in a cool place. Best tempera- 
ture is 22°C.) for exactly ten minutes to allow the colour to develop 
and then compared with a 0-005 per cent. aqueous solution of naph- 
thol green B. in a colorimeter, or, if preferred, with a standard pre- 
pared simultaneously from pure cholesterol. If the Duboscq instru- 
ment is used the cups should be remounted in plaster of Paris as the 
chloroform dissolves the balsam ordinarily employed. 

Calculation. If the standard naphthol green B. solution be set at 
15:5 mm. 0-4 mg. cholesterol treated as above will read 15 mm. 


Dil. of chloroform extract 


Standard in mm. f 1 Cc. bl d 
Unknown in mm, * 90004 x OS EE: Oe — x 100 = cholesterol 


content of blood in per cent. Average is about 0-16 per cent. 


Determination of Fat in Blood may be carried out by the nephelo- 
metric method (using either a nephelometer or a converted Duboscq 
colorimeter) of Bloor (Jour. Biol. Chem., 1914, 17, 377). 


Bilirubin in Blood Serum. Van den Bergh’s test—Draw from the 
patient’s arm 5 c.c. blood and allow it to clot. The serum should be 
used for the test within a few hours of the withdrawal of the blood. To 
perform the direct reaction add 0-5 c.c. of the reagent 1 to 1 c.c. of 
serum. Three results may follow: (a) A reddish violet colour will 
develop at once, reaching its maximum intensity within half a minute 

ompt direct reaction. (b) No change occurs for several minutes 
(1-15), but later a light reddish colour appears which gradually deepens 
—delayed direct reaction. (c) A light reddish colour appears at once 
and deepens slowly—biphasic direct reaction. 

When the direct reaction is delayed, or biphasic, or negative, the 
indirect reaction should be tried. Add 2 ¢.c. absolute alcohol to 1 c.c. 
serum and centrifuge. Draw off 1 ¢c.c. of supernatant fluid and add 
as before 0:5 c.c. reagent; a positive result consists in a violet red 
colour, which develops maximum intensity almost at once. 

When these reactions are positive, confirm by adding 2 drops of 
strong HCl to a portion of the fluid when, if bilirubin is present, the 
reddish violet colour will deepen towards a violet blue. If 2 drops 


1 Solution A. Sulphanilic acid, 1 gram. 
Cone. hydrochloric acid, 15 c.c. 
Distilled water to 1000 c.c. 


Solution B. Sodium nitrite, 0°5 gram. 
Distilled water, 100 c.c. 


Reagent is composed of 5 c.c. Solution A and 0°15 c.e. of Solution B. 
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of strong NaOH solution be added to another portion of the fluid 
the development of a greenish blue colour indicates the presence of 


bilirubin. 


CHaPTeR XXIIT 
MUSCLE AND TISSUES 


Muscle constitutes one of the commonest foodstuffs, meat being 
the form in which we take a large proportion of our protein and a 
considerable amount of our fat. 


CHEMICAL COMPOSITION OF MUSCLE (APPROXIMATE) 


Water . ; : : : é . 75 per cent. 
Protein . : 7 i : : ‘ 20-21 Be 
Extractives . 5 : F “ - 0:3-0°4 “p 
Fat : ‘ 2 A P : 5 2-3 oa 
Salts 4 ; - ‘ : : . 1-0-1:°3 - 


Proteins are most easily studied in an extract of muscle, which is best 
prepared by killing a rabbit and, by means of a cannula tied into its 
aorta, washing with normal saline until blood free. The muscles are 
then removed and quickly passed through the mincing machine. 
The mince is mixed with a 5 per cent. solution of magnesium sulphate, 
the mixture being placed on ice and left standing all night. 

Divide some of the extract provided into two parts, a and 6. 

(a) Dilute with four volumes of water, and place in the water-bath 
at body temperature. A clot forms, leaving muscle serum. 

(6) Add some acetic acid. A precipitate forms. Filter. Neutralise 
the filtrate with Na,COz, solution, and dilute it with water. Place it in 
the water-bath at 37° C., and note that no coagulum forms. 

These two experiments show that the extract contains in solution 
a substance which is precipitated by acetic acid, and which becomes 
transformed into an insoluble clot under suitable conditions. This 
body is protein in nature. Prove this by dissolving the clot in (a) in 
10 per cent. sodium chloride and applying the protein tests. The 
soluble body is called myosinogen, and the clot insoluble myosin. 

Besides myosinogen the extract contains, however, other proteins. 

Take some of the muscle serum in (a), or of the filtrate in (6), and 
half saturate with ammonium sulphate. A precipitate of globulin 
results. Filter off this globulin and test the filtrate for albumin by 
full saturation with ammonium sulphate, or by coagulation by heat 
after faintly acidifying. 

Heat 5 c.c. of saline extract carefully in a test tube in the water- 
bath. Note the temperature of the first signs of coagulation. 
Filter off coagulum and heat the filtrate, noting the temperature at 
which the flocculi of a second coagulum appear. It will be found 
that the first protein (paramyosinogen, also termed myosin) is coagu- 
lated at 47° C.; the second protein (myosinogen, also called myogen) 
at 56° C, 
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Both these bodies serve as the source of the coagulated myosin in 
muscle, In the clotting associated with rigor mortis it is stated that 
paramyosinogen is converted directly into myosin ; whereas myosinogen 
is first converted into a soluble form (soluble myosin), which is then 
turned into insoluble myosin. Soluble myosin can be identified by its 
low-heat coagulation point (40° C.). 

The coagulation points of the chief proteins of frog’s muscle have 
already been graphically studied. (Heat rigor.) 


Organic Extractives—These are organic substances which are 
soluble in water, but not protein in nature. They may be divided into 
two classes, (a) nitrogenous, (b) non-nitrogenous. ‘The chief members 
of the first group are creatine (C,H,N,0,) and the purin bodies hypo- 
xanthine (C5;H,N,O) and xanthine (C;H,N,O,). The most important 
non-nitrogenous extractive is sarcolactic acid (C,H,O;). 

Creatine is the most abundant extractive in muscle, amounting to 
‘4—-45 per cent. in rabbits, -3 per cent. in oxen, -26 per cent. in frogs, 
and -2 per cent. in hedgehogs. Chemically it is closely related to urea, 
and can be changed into this body and a substance called sarcosine 
by boiling with baryta water. 

Another interesting relationship of creatine is to the substance called 
creatinine. If creatine be boiled with dilute mineral acids it loses a 
molecule of water and becomes changed into creatinine. This reaction 
is the best means of recognising creatine. 

Take about 10 gms. of fresh muscle, grind with alcohol, filter, 
evaporate at about 50° C. Dissolve in water and divide into two 
equal portions, a and b. To a add 15 c.c. of saturated picric acid 
solution and 5 ¢.c. of 10 per cent. caustic soda. Allow to stand 5 
minutes and dilute to 500 c.c. Note that there is no change in the 
colour of the solution, therefore creatinine is absent. Tobadd halfits 
volume of N/1 HCland heat in a flask fitted with a cork and glass tube 
to act as air condenser on water-bath for five hours, or better, heat 
flask in an autoclave at 115°-120° for twenty to thirty minutes. Neu- 
tralise with caustic soda, add picric acid solution and caustic soda, 
and dilute as before. Notered colour. Creatinine is now present. (For 
other tests for creatinine see chapter on Urine.) 

Diacetyl Test for creatine. To 2 c.c. of a watery protein free extract 
of muscle in a test tube add 2 c.c. of saturated Na,CO, solution, 6 
drops of freshly prepared diacetyl solution and 2 c.c. of water. Immerse 
in boiling water for 1 minute. A red colour develops. 

Diacety] solution is prepared as follows :—1 grm. Dimethyl-glyoxime, 
100 c.c. water and 20 c.c. conc. H,SO, are placed in a flask and slow 
distillation is carried out until 50 c.c. collected. The solution must 
be used fresh. 

Hypoxanthine and Xanthine.—(See p. 303.) 

Hypoxanthine and xanthine result in part from the breakdown of 
the nuclein present in the muscle, but their amount is normally so large 
compared to the amount of nuclein present that this cannot be their 
sole source ; the other source of supply is at present unknown. 

Lactic Acid (C,H,O,).—This variety of lactic acid differs from that 
obtained by the fermentation of lactose, which does not rotate the plane 
of polarised light. The lactic acid of muscle, often termed sarcolactic 
acid, rotates the plane of polarised light to the right. The amount of 
lactic acid increases markedly during the death of a muscle, and also 
during muscular activity. 
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Take a pithed frog which has been kept on ice for half an hour. 
Quickly cut off the muscles of one hind limb ; cut off the other limb at 
the pelvic girdle, and stimulate electrically until irritability is nearly 
lost. Cut off the muscles. Treat both sets of muscles as follows: 
Grind with cold absolute alcohol and sand, filter, evaporate the alcohol, 
dissolve in water, heat with a little animal charcoal, filter, evaporate, and 
apply the thiophene test (see p. 273). It will be found that the 
muscles of the tetanised limb give a positive reaction ; those of the 
non-tetanised do not. 


Another important nitrogen-free extractive is glycogen (C,H,,O;)n. 
The relative amount of thisis small (0:5 to 1 per cent.,), but it varies in 
different animals, and is much diminished after muscular activity. 

Other extractives are: Urea, carnosine, dextrose (trace), inositol 
(hexahydroxybenzene), and lecithin. 


Inorganic Salts.—These consist of salts of the alkalis and alkaline 
earths. The chief acid radicle present is phosphoric acid, and this 
exists in several states—(a) Inorganic phosphates, (b) phosphorus of 
lecithin, (c) phosphorus of nuclein, (d@) phosphorus of other organic 
compounds. 

Free a watery extract of muscle of proteins by boiling it. Add to 
the clear filtrate an ammoniacal solution of magnesium citrate (see 
p. 332). A white precipitate of phosphates results. Show that this 
precipitate consists of phosphates by dissolving it in nitric acid and 
testing with ammonium molybdate. 


Preparation of Extractives of Muscle-——500 gms. of meat, from 
which as much fat and tendon as possible have been removed, are finely 
minced ; the mince is thoroughly mixed with 500 c.c. of water and 
heated for half an hour on a waterbath at 50° C. The extract is 
strained through muslin and the residue extracted several times in a 
similar manner, the extracts being mixed together. The protein in the 
extract is then coagulated by boiling, and, after cooling, the coagulum 
removed by filtration. 

A similar extract may be prepared by dissolving some commercial 
meat extract in water. 

To remove the phosphates and the last traces of proteins from this 
extract a saturated solution of subacetate of lead is added to it until no 
more precipitate is produced. (Care should be taken that an excess 
of the subacetate solution is not added. This may be ascertained by 
filtering samples of the extract and seeing if these yield further pre- 
cipitates with the subacetate solution.) The precipitate thus obtained 
is removed by filtration. 

The excess of lead is precipitated from the filtrate by passing a current 
of sulphuretted hydrogen through it. The precipitate of lead sulphide 
is removed by filtration. The filtrate is then evaporated to small bulk 
(any sulphur which may separate out being removed by filtration) and 
allowed to stand on ice for two or three days, when a large number of 
oblique rhombic crystals of creatine will have separated out. (See 


? The following amounts are suitable for this preparation: 10 gms. meat 
extract are dissolved in 200 c.c. water, and to this is slowly added 60 c.c. of a 
saturated solution of subacetate of lead. After the precipitate has settled 
down a sample of the supernatant fluid is removed by a pipette to a test tube 


and tested with the subacetate solution to be certain that no more precipitate 
is produced, 
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Fig. 197.) These are collected on a filter (for which purpose a suction 
pump will be found necessary) and are thoroughly washed with alcohol 
until no more pigment is removed. The filtrate is preserved for the 
isolation of the other extractives. 


Xanthine and Hypoxanthine.—The creatine-free filtrate is medo 
strongly alkaline with ammonia, and silver nitrate solution added until 
precipitation is complete. The purine bodies are thus precipitated. 
The precipitate is collected on a filter paper and thoroughly washed 
with dilute ammonia. The hypoxanthine and xanthine are sepa- 
rated by the following method: the precipitate is removed from 
the filter paper and dissolved in boiling nitric acid (sp. gr. 1-1), a 
few crystals of urea being added to the solution so as to destroy any 
nitrous acid which may be present, and which would decompose the 
purine bodies. When all the precipitate has dissolved the solution is 
quickly filtered hot, and the filtrate is allowed to stand overnight, when 
it will be found that a precipitate consisting of fine needle-shaped 
crystals (Fig. 202) has separated out. This consists of hypoxanthine 
silver nitrate combined with nitric acid ; to remove the nitric acid wash 
it with distilled water, transfer it from the filter to a small beaker and 
boil it with ammonia until the crystals break up and become amor- 
phous, and then, to remove the silver, pass in H,§, filter off the silver 
sulphide, and evaporate the filtrate slowly to dryness, when a white 
chalk-like mass of hypoxanthine will be obtained. In order to obtain 
the xanthine silver salt the filtrate from hypoxanthine should be 
treated with ammonia, when a few yellow flakes of the salt will be 
obtained. To separate the xanthine this precipitate is treated in 
exactly the same way as for hypoxanthine. 

Test for Hypoxanthine.—Place some hypoxanthine in a small 
evaporating dish with a few drops of pure concentrated nitric acid and 
evaporate slowly to dryness: a brilliant yellow residue is obtained. 
Cool, and then add a drop of sodium hydrate solution, when the residue 
will change to orange. If the residue be dissolved in water and the 
solution again evaporated to dryness the orange colour persists, thus 
differing from the murexide stain which, when similarly treated, loses 
its colour (see p. 305). 

Test for Xanthine.—Repeat the same test as for hypoxanthine and 
note that the sodium hydrate produces in this case a deep red colour, 
which persists on dissolving in water and evaporating. 

Sarcolactic Acid.—The ammoniacal filtrate, from which the purine 
bodies have been separated, is treated with sulphuretted hydrogen gas 
so as to remove the silver which it contains: the silver sulphide is 
filtered off, and the filtrate evaporated till all the ammonia has been 
expelled. It is then made strongly acid with phosphoric acid, and the 
lactic acid, which is hereby liberated, is dissolved out by shaking it in a 
separating funnel with ether. 

After extracting three or four times, the ethereal extracts are com- 
bined and the ether evaporated away by placing on a waterbath 
heated to about 60°C., the flarne underneath which has been 
extinguished. An acid syrup remains behind; this is impure lactic 
acid. In order to purify it, dilute three times with water, bring the 
resulting solution to the boil, and then carefully add powdered zine 
carbonate until the reaction is neutral. Filter. Evaporate the filtrate 
to small bulk, add an equal bulk of spirit and allow to stand, when 
zinc sarcolactate will erystallise out (Fig. 203). The zinc salt is filtered 
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off, washed several times with spirit, dissolved in water,* and the zine 
separated by passing a stream of sulphuretted hydrogen through the 
solution. The zinc-free filtrate is then freed of water by evaporation, 
when the lactic acid is obtained as a syrup (see also p. 273). 


Preparation of Nucleo-Protein.—Boil 100-200 gms. finely minced 
pancreas with about a litre of water for ten to fifteen minutes and then 
filter. To the filtrate, whilst still warm, add acetic acid drop by drop 
until a finely-divided precipitate begins to settle out. Filter this 


WN q 
wh 


Fia. 202.— Fia. 203.— 
Hypoxanthine silver nitrate, x 300. Zine sareolactate. x 300. 


precipitate off, wash with water, then very thoroughly with aleohol and 
finally with ether. It is best to allow the precipitate to stand for some 
hours in ether, then dry. The dry substance is nucleo-protein. 
Detection of Pentose in the Nucleo-Protein—To a small quantity 
of the substance in a test tube add several c.c. HCl and a knife point 
of orcin, then boil. A reddish blue colour develops (a blue pigment is 
formed). Extract with amyl aleohol—the colour changes from reddish 


1 The watery solution should be evaporated until the crystals of zine 


sarcolactate begin to appear, this being ascertained by examining a drop 
under the microscope. 
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to greenish. Examine with a spectroscope. Bands are found between 
C and D. The addition of a trace of ferric chloride to the hydrochloric 
acid renders the test more delicate. 

Presence of phosphorus may be shown by means of the general test 
for P. The amount may be estimated by the Neumann wet ash method 
(see p. 333), 

Purin bodies present may be obtained by hydrolysis with a mineral 
acid and subsequent treatment as in isolation from muscle extracts. 


Detection of Pentoses in Gums.—Hydrolyse gum arabic by heating 
a solution of it in a waterbath for twenty minutes with 5 per 
cent. HCl. Arabinose is formed. After neutralising, apply reduc- 
tion and yeast fermentation tests to portions of the solution. To 
another portion apply the following characteristic test for pentoses 
(Tollens). Add phloroglucin (C,H3(OH);) in small quantities at a time 
till no more dissolves to a solution of about 5 c.c. of equal parts of 
concentrated HCl and water. Then add a few drops of the arabinose 
solution and warm until a red colour develops. Examine with the 
direct vision spectroscope when an absorption band will be seen between 
DandE lines. By further heating, a precipitate forms which becomes 
dissolved in amy] alcohol when this is shaken with the solution. The 
amy] alcoholic solution shows the above spectrum very clearly. Tollens’ 
test can be applied to urine. Repeat this test, using dextrose solution. 


The Quantitative Estimation of Glycogen in Animal Tissues.—The 
best method is that of Pfliiger. This method depends on two facts : 
firstly, that glycogen is not affected by heating it on a waterbath with 
30 per cent. potassium hydroxide solution, whereas protein under such 
conditions is destroyed ; and secondly, that by the addition of an 
equal volume of water to the above solution (which will bring the 
percentage of potassium hydroxide to 15) and the subsequent addition 
of two volumes of alcohol (96 per cent.) all the glycogen is precipi- 
tated, whereas practically all of the degradation products of protein 
remain in solution. The method is as follows : + 

The liver is cut into small pieces and mixed in an Erlenmeyer flask 
(Bohemian glass) with 100 c.c. 60 per cent. KOH.? 

The flask is closed with a cork, having a wide glass tube about five 
feet long passing through it to serve as a reflux condenser, and it is then 
immersed in a boiling waterbath and left there for three hours, with 
occasional shaking. (Less time than this suffices to completely destroy 
the protein of liver.) On removal from the waterbath, the contents 
of the flask are allowed to cool, and are then thoroughly shaken, with 
200 c.c. water (thus bringing the percentage of KOH to 15). 800 c.c. 
of ordinary (96 per cent.) alcohol are then added to the solution, the 
mixture shaken and allowed to stand for several hours (preferably 


overnight). 


1 The following description is for 100 gms. liver, but much less than this 
amount is sufficient for most purposes. Thus, in the case of a dog fed on the 
previous day with bread and meat, 20 gms. liver is a suitable amount, and in 
the case of a rabbit fed with carrots or other carbohydrate-rich food, 10 gms. is 
sufficient. In the case of muscle, it is best to take 100 gms., as the percent- 
age of glycogen in this tissue is practically never more than one. 

2 Pfliiger specifies ‘‘ Merck A ’’ KOH, but for most purposes ‘‘ KOH pure 
by alcohol ” is of sufficient purity. The strength is best adjusted by the use 
of a hydrometer (alkalimeter), the specific gravity of such a solution being 


1-438 at 15° C. or 44 on the Beaumé scale. 
BB 
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The more or less white precipitate of glycogen will by this time have 
settled down, so that the supernatant reddish fluid can with care be 
poured off into a beaker, after which it is filtered through a filter paper 
of suitable size, so as to collect on the filter any particles of glycogen 
which the decanted fluid may contain. The precipitate of glycogen is 
now thoroughly shaken with about ten times its volume of 66 per cent. 
alcohol (about 700 c.c. alcohol and 300 c.c. water) containing 1 c.c. per 
litre of a saturated solution of NaCl. This washing fluid removes 
many of the impurities which adhere to the glycogen. 

After settling, the wash fluid is decanted into the same beaker as was 
employed for receiving the original supernatant fluid, and filtered 
through the same filter. This process is repeated at least once again, 
after which the precipitate is shaken with ordinary alcohol (about ten 
times its volume), and the suspension thrown on to the same filter paper 
as used above. 

When the alcohol has all drained off, the precipitate is washed on the 
filter paper with ether. All the washed glycogen has thus been collected 
on the filter paper and must now be dissolved, for which purpose the 
filter is filled up with boiling water, and the solution of glycogen allowed. 
to filter through into a clean Erlenmeyer flask. When the first added 
water has completely drained through the filter, the filter is filled up 
with boiling water a second and a third time. It is essential to allow 
the filter to drain completely before adding more water. To be certain 
that all the glycogen has been dissolved, some of the final filtrate should 
be tested with alcohol for glycogen. 

The resulting opalescent solution can now be employed either for the 
preparation of pure glycogen or for its quantitative estimation. For the 
former purpose the glycogen is precipitated by alcohol; for the latter 
purpose the glycogen solution is made up to a litre in volume, and of 
this 200 c.c. are taken, mixed with 10 c.c. HCl (conc.) (i.e. 5 c.c. HCl to 
100 c.c. of glycogen solution), and heated in a flask on the waterbath 
for three hours. Complete hydrolysis of the glycogen is certain within 
this time, although the resulting solution often contains a flocculent 
precipitate which is probably protein in origin. The solution, after 
cooling, is neutralised with 20 per cent. KOH and filtered into a 
250 c.c. measuring flask through a small filter (10 em.) paper. 

The flask used for hydrolysis is rinsed three times with distilled water, 
the washings being each time poured on to the filter and added to the 
contents of the measuring flask. In this way the volume of the dextrose 
solution is brought exactly to 250 c.c. 

Where only 10 or 20 gms. of liver were originally employed, the above 
measurements must of course be altered, it being usually best to take 
all of the glycogen solution for inversion and bring it to a definite 
volume after neutralising. 

The estimation of the sugar may be carried out either by a volumetric 
or a gravimetric method (see pp. 319, 337). Multiplication of the 


reducing power expressed as dextrose by the factor 0°927 gives the 
glycogen value. 


Estimation of Cholesterol in Tissues—Based on the discovery of 
Windaus that cholesterol, but not cholesterol esters, readily combines 


1 If the glycogen be reprecipitated and redissolved in a known volume of 
water the resulting solution can be examined in the polarimeter and its 
glycogen content calculated according to the formula on p. 258, 
(a)p = + 196-63. 
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with digitonin to form a very insoluble compound, methods have been 
introduced for the quantitative estimation of cholesterol by gravimetric 
methods. One of the simplest is that used by Gardner. 

Grind up the tissue with sand and a sufficient amount of plaster of 
Paris to make it set. When the mass is dry it is finely powdered and 
thoroughly extracted with ether in a Soxhlet apparatus. (Extraction 
requires several days at least.) The ethereal extract is then evaporated 
to dryness, the residue weighed and taken up in 95 per cent. alcohol. 
To this solution is added an excess of digitonin in 95 per cent. alcohol 
and the mixture after standing for some time is evaporated to dryness 
in a vacuum desiccator. The precipitate is next washed, by decantation 
with ether, into a previously weighed filter paper or Gooch crucible 
until the washings give no residue on evaporation. The excess of 
digitonin is next removed by washing with warm water until the 
washings give no precipitate on evaporation. The precipitate is 
then dried in an air oven at 110°C. and weighed, both drying and 
weighing being carried out in stoppered glass bottles as the compound 
is somewhat hygroscopic. 

If it be desired also to determine the amount of cholesterol present in 
ester form the ethereal washings from the above estimation are 
saponified with excess of sodium ethylate, the unsaponifiable matter 
dissolved in alcohol, precipitated with digitonin and treated as above. 
Or preferably, if material permit, it is better to do two estimations, (a) 
total free and (b) total free and combined cholesterol present, then (6) 
minus (a) will give combined cholesterol. 

Cholesterol has also been estimated by colorimetric methods (see 
Blood, p. 362). 

Preparation of Glucosamine from Chitin.—Soak lobster or crab shells 
in dilute (2 per cent.) hydrochloric acid until all calcium carbonate is 
removed and the material is soft and pliable. Wash well with water, 
then cut into small pieces, place them in a round-bottomed flask, add 
concentrated hydrochloric acid and boil gently under a reflux condenser 
for four hours. The resultant solution is then evaporated on the 
waterbath in an evaporating basin until crystallisation commences ; 
allow to cool. Filter off the crystal mass, wash carefully with a small 
quantity of cold water and dilute alcohol. The crystals are again 
dissolved in water and the solution again evaporated until commencing 
crystallisation. Filter off the crystals: to free them from any in- 
organic material dissolve the mass in 80 per cent. alcohol, filter, and 
again evaporate to crystallisation. The crystal mass of glucosamine 
hydrochloride which is formed should be almost pure. Glucosamine 
forms an osazone identical with glucosazone. Its solutions reduce 
Fehling’s solution. 


CHAPTER XXIV 
FOODSTUFFS AND METABOLISM 


Milk.— Milk contains proteins, fats, carbohydrates, salts and water. 
The fat is suspended in the form of a fine emulsion. The proportion of 
these bodies varies in the milk of different animals. Naturally that 
provided by the animal is the best for its own species. 
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In everyday life the two milks of the greatest importance are cow’s 
milk and human milk. These two milks vary in composition : 


Milk, Water. Protein. Fat. Carbohydrate. Salts. 
Cow. : . 878 3:4 3°7 4-7 0:7 
Human . . 87-6 2-0 3:2 6-4 0:3 


The milks also differ in that (1) the proportion between the amount 
of the kinds of protein in cow’s and human milk is different. 


Cow’s milk, 2-7 per cent. caseinogen, +50 per cent. lact-albumin, 
Human ,, -80 3p a5 1-21 99 a 


It will be seen that human milk contains far more lact-albumin than 
does cow’s milk, so that even when cow’s milk is diluted there is the 
discrepancy between the relative amount of the proteins to be taken 
into account. 

(2) The caseinogens of the two milks are not of the same composition 
either in percentage or actual composition. 

(3) The percentage of the salts present differs in the two milks— 


AsH CONTENT. 


Human. | Cow. 
KO wae eee 0-077 0-17 
Nd On 5 ee eee 0-021 0-05 
OOy 8 goss & 0-032 0-18 
MoOg= ae a amr 0-006 0-02 
FeO, sa ee 0-0005 0-001 
POs eee oer 0-047 0:26 
Wedge | é : 0-043 0-10 


In order to study the chemistry of milk, we usually employ cow’s 
milk, because it is easily obtainable. 


Cow’s Milk.—This is an opalescent solution, possessing a character- 
istic taste, and of amphoteric reaction. 

Reaction. Place a drop of fresh milk on a piece of glazed red 
litmus paper, and wash it off with distilled water ; a blue stain is left : 
if the drop be placed on blue litmus, a red stain is left. This peculiar 
reaction is due to the fact that milk contains a mixture of acid and 
alkaline salts. By ascertaining how much decinormal acid or alkali 
are required to produce neutralisation with the aid of different indicators 
the amount of each of these kinds of salt can be determined. 

The specific gravity of fresh milk varies between 1-028 and 1-0345. 
The more fat (ie. cream) the milk contains the lower is the specific 
gravity. 

Specific gravity. Estimate by a hydrometer the specific gravity 
(@) in skimmed milk and (6) in fresh milk. In the former it is about 
1-0345, in the latter 1-028. By adding water to (a) the specific gravity 
obviously falls, and by removing the cream from (b) it rises. 

Fresh milk does not coagulate on boiling, but a skin forms on its 
surface. A similar skin is produced when any emulsion containing 
protein is boiled, and in the case of milk it is composed in part of 
caseinogen entangling some fat globules. Its formation is due to 
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drying of the protein at the surface of the milk. The same result is 
obtained if an emulsion of cod-liver oil in diluted blood serum is warmed 


to about 50°C. (To prevent coagulation of proteins be careful not 
to heat above 50°C.) 


The Chemical Constituents of Milk 


I. Proteins.—The main protein of milk is a phospho-protein called 
Caseinogen. This can be precipitated by adding to the diluted milk a 
weak acid, or by saturating it with a neutral salt. (See Phospho- 
proteins, p. 243.) 

Place about 5 c.c. of milkin a test tube, and dilute with an equal 
bulk of water. To this diluted milk add, drop by drop, a weak solu- 
tion of acetic acid; a precipitate of caseinogen, entangling fat, falls 
down. Filter off this precipitate and wash it with water. Now add 
to it a weak solution of Na,CO,; the precipitate dissolves, and an 
opalescent solution of caseinogen, still, however, containing some fat, 
passes through the filter. By repeated reprecipitation and filtration 
comparatively pure caseinogen can be obtained, from which the last 
traces of fat can be removed by treating with ether. 

The chief property of caseinogen is its power to clot when treated 
with rennin in the presence of soluble calcium salts. (See Digestion, 
p. 270.) 

The fluid left after the clotting of the caseinogen is known as whey— 
in this case rennet whey. If the caseinogen be got rid of by acid, it 
is known as “ acid whey ” ; if by “‘ salting out,” as “ salt whey ” ; if by 
alcohol, ‘‘ alcoholic whey,” and so on. These wheys are different in 
composition ; for instance, rennet whey and acid whey contain lact- 
albumin, salt whey and alcoholic whey do not. 

Apply the xanthoproteic reaction to some acid whey: a positive 
result is obtained. Apply also the other protein colour tests. Acidify 
some of the whey with acetic acid and boil; the protein is coagulated. 
The proteins are called lact-albumin and lact-globulin. 


II. The Carbohydrate—Lactose.—Boil some rennet whey which has 
been weakly acidified with acetic acid. Filter off the coagulated pro- 
teins. To the filtrate apply Trommer’s or Fehling’s test ; reduction 
is effected. Barfoed’s reagent is not reduced. Lactosazone may also 
be prepared. 

Lactose does not, like dextrose, readily ferment with yeast, but it is 
capable of undergoing a special fermentation, which changes it into 
lactic acid. This is called the lactic acid fermentation. It depends on 
the presence of a microbe, the bacillus acidi lactict. pia 

The presence of these free acids in the milk leads to the precipitation 
of caseinogen, and this explains the production of the curd in sour milk. 
It is quite a different thing from the ewrd which is produced by rennin. 
Thus, it can be dissolved by means of a weak alkali, and if rennin be 
added to the resulting solution true clotting will follow. 

Milk, however, will undergo alcoholic fermentation by a special 
fungus, known as the kephir fungus. From cow’s milk the drink 
kephir is formed, from mare’s milk the drink kowmiss. They contain 
from 1-3 per cent. of alcohol, and when clotted give a fine clot. 

Take some sour whey. Add a few drops of it to Uffelmann’s re- 
agent, when the dark purple colour of the latter will be changed to 
yellow. Test for lactic acid (see p. 273). 


III. The Fats of Milk—Examine a thin film of milk under the 
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microscope, and note that the fat consists of small spherical bodies 
which are transparent and do not adhere to one another. 

The fat can be removed by shaking the milk with ether after the 
addition to it of a few drops of weak NaOH solution. 

To about 5 c.c. of milk in a test tube add two drops of caustic 
soda (20 per cent.), and then about 5 c.c. of ether. Cover the top 
of the tube with the thumb and shake the mixture, occasionally 
lifting the thumb slightly to allow the vapour of ether to escape. 
The ether will dissolve the fat, and the milk will become much less 
opaque. By adding alkali, a certain amount of the caseinogen is 
changed in its physical condition, so that the caseinogen films, which lie 
between and thereby hold apart the fat globules, are diminished, and 
consequently the fat globules are dissolved by ether. So long as they 
are surrounded by caseinogen molecules they are not acted on by 
ether. Not only alkalis, but also acids can effect this change. 


Colostrum.—The milk which first appears during lactation is yellower 

in colour and of higher specific gravity than that secreted later. On 

_ boiling, it yields a distinct coagulum of albumin and globulin, and if 

examined under the microscope it will be found to contain numerous 

cells—colostrum corpuscles—in the protoplasm of which fat globules are 

present. These cells are, in reality, secretory cells of the mammary 
glands which have been extruded in the first portions of milk. 


IV. The Salts.—Add to 5 c.c. of protein-free whey half its bulk of nitric 
acid and about twice its bulk of a solution of molybdate of ammonia 
in nitric acid. Warm gently on the waterbath, and a yellow precipi- 
tate of phosphate forms. In rennet or acid whey the phosphates may 
be precipitated by ammoniated magnesium citrate. Filter. Dissolve 
precipitate in nitric acid and heat as before with ammonium molybdate. 
Show the presence of chlorides by means of silver nitrate test—a 
white precipitate insoluble in nitric acid, soluble in ammonia. 

To some whey, freed from protein by boiling, add a few drops of a 
solution of potassium oxalate—a white haze of calcium oxalate results. 


The Quantitative Determination of the various Bodies in Milk.— 
The methods here described can be employed for other fluids besides 
milk. 

(1) The Percentage of Water.—A weighed quantity of milk is mixed 
with a weighed quantity of fine quartz sand, which has been previously 
heated to redness and then cooled in a desiccator. The weight of the 
mixture is accurately determined, and it is then placed in a hot air bath 
heated to 100° C. until all the water has been driven off and the weight 


is constant. The amount of weight lost corresponds to the amount 
of water which the sample of milk contains. 


(2) The Percentage of Protein.—Three gms. of milk are diluted with 
four times its volume of distilled water, a few c.c. of a solution of sodium 
chloride are added, and then a solution of tannic acid until all the protein 
has been precipitated. The precipitate is filtered off through an ash- 
free filter paper, and thoroughly washed with distilled water. The filter 
paper with the precipitate is removed to a Kjeldahl’s combustion flask, 
and the nitrogen estimated as described on p. 327. The result multiplied 
Ps he gives the total amount of protein contained in the sample of 
milk. 

A simpler and yet fairly accurate method of estimating protein is by 
titration after the addition of formaldehyde. To 10 c.c. of milk add 
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N/10 NaOH till neutral to phenolphthalein; 5 c.c. of neutral 20 per 
cent. formalin are added and the mixture titrated with N/10 NaOH 
to the same neutral tint as before. The number of ec.c. of tenth 
normal soda used, multiplied by 0-17, gives a close approximation to the 
amount of total proteins. If greater accuracy is required it is advisable 
to use tenth normal strontium hydroxide instead of sodium. 


(3) The Percentage of Fat.—The following method (Adam’s) will be 
found very simple and sufficiently accurate for most purposes : 

Measure 5 c.c. milk and drop it on to a strip of Adam’s fat-free porous 
paper ;* allow this to dry in the air bath at 60° C., then roll it up and 
place it in the extractor of Soxhlet’s apparatus (see p. 342). The weight 
of the distilling flask is ascertained before beginning the extraction, and 
then again after the extraction has been allowed to proceed for about 
one hour and the ether has been distilled off ; the increase of weight 
gives the amount of fat in 5 c.c. of milk. Sufficient ether should be 
used to fill the Soxhlet one and a half times, and it should be made to 
siphon over at least twelve times. 

A more rapid and yet good method of estimating fat in milk is a 
slight modification of the Werner-Schmidt method. Place 10 e.c. of 
well-mixed milk in a Stoke’s tube, which is graduated to 50 ¢.c. Add 
10 c.c. strong hydrochloric acid (to liberate all fat), close the tube 
with a cork and heat it in a boiling waterbath for about ten minutes, 
shaking from time to time. The colour of the mixture should be a 
dark chocolate brown. Cool now under the tap and when quite cold 
fill up to the 50 c.c. mark with alcohol-free ether (washing ether with 
water frees it from alcohol). Insert cork and shake mixture vigorously 
for one minute. When the ether has again risen to the surface a small 
layer of undissolved matter will be seen between the ethereal and the 
acid fractions. Read off the volume of the ether from the middle of 
this layer to its upper surface. Take of the ethereal solution two 10 c.c. 
samples and place in weighed porcelain dishes. Evaporate to dryness, 
then heat to constant weight in a hot-water oven. Percentage of fat is 
calculated from the mean of the two weighings. Weight of fat multiplied 
by volume of ether solution and divided by 10 gives fat content in 
amount of milk originally used. 

(4) The Percentage of Sugar.—Folin’s method of estimating sugar 
has been found to give good results (see p. 319). 

In determining the amount of lactose in milk it is convenient to dilute 
with water as follows: Cow’s milk 1: 4, human milk 1: 5 or, if only a 
small amount is available, 1:6. 5 c.c. of Folin’s reagent = 40-4 mg. 
lactose. 

(5) The Percentage of Ash.—A weighed quantity of milk is evapor- 
ated to dryness on a waterbath in a weighed crucible. The crucible 
is carefully heated over a free flame until a perfectly dry and black ash 
has been obtained. The flame is now strengthened and the ash is 
heated until it becomes white. The crucible is then allowed to coolin a 
desiccator, after which it is weighed. 

Flour.— . 

I. Determine moisture and ash by ordinary methods. 

II. Determine total nitrogen by Kjeldahl method. Use about 1 gm. 
of flour. T.N. x 5-7 gives gluten content. 

III. Determine nature of proteins present. 


1 The paper can be obtained from any of the dealers, 
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Make about 30 gms. of flour into a stiff dough with 12-15 c.c. water 
and allow the mass to stand for an hour. It is then carefully kneaded, 
in a stream of water, over a sheet of fine muslin, which allows the starch 
to pass through, but retains any particles of gluten, or the mass may be 
wrapped in linen and then kneaded. The ball of gluten thus obtained 
is tough and elastic and can be pulled out into threads. After washing 
the ball of gluten is left for an hour under water, and then the excess 
of moisture removed by squeezing. Gluten consists of two proteins : 
gliadin, which is soluble in dilute alcohol, and glutenin which is soluble 
in very dilute alkali. If the mass of crude gluten obtained as above be 
extracted with 70 per cent. (by volume) alcohol gliadin goes into solution 
and can be precipitated by the addition of sodium chloride. The 
amount present in gluten may be estimated by carrying on the alcohol 
extraction for two hours and determining the amount of nitrogen in the 
filtrate. The nitrogen value multiplied by 5-7 gives the ghadin content. 

IV. Determination of carbohydrate. 

3 gms. of the flour are extracted with 50 c.c. of cold water for an 
hour with frequent stirring. The mixture is filtered (if there is any 
difficulty the addition of 2 c.c. of alumina cream helps) and the residue 
washed with water until filtrate equals 250 c.c. The soluble carbo- 
hydrate can be estimated in the filtrate both before and after hydrolysis. 
The insoluble residue is transferred to a flask, fitted with a reflux 
condenser, 200 c.c. of water and 20 c.c. strong HCl (sp. gr. 1-125) are 
added. Heating is continued for two and a half hours and then the 
contents are cooled, nearly neutralised with strong NaOH, made up to 
250 c.c., filtered, and the dextrose determined in an aliquot portion of 
the filtrate. The gravimetric Fehling method (see p. 347) serves 
excellently. Dextrose value multiplied by 0-9 gives weight of starch. 


Egg.—The nature of the proteins present and their coagulation 
temperature can be determined in ‘“‘ white of egg.” 

The presence of lipoids can be determined in egg-yolk which contains 
fat, lecithin, cholesterol and a phospho-protein vitellin. 

Extract the yolk with ether by repeated shaking in a flask. 
Cautiously evaporate, by placing the porcelain basin containing the 
ethereal extract on a previously heated waterbath (use no flame) 
or preferably on an electric hot-plate, to small volume. Add acetone 
until a distinct precipitate is formed—crude lecithin. Filter off the 
precipitate. Keep the filtrate which contains cholesterol (and some 
lecithin). 

Precipitate. Dissolve the precipitate by means of alcohol and drop 
slowly, with stirring, the alcoholic solution into water. A white 
precipitate results—‘“‘ lecithin.” Saponify some of this emulsion by 
heating with caustic alkali. (Note odour of trimethylamine.) Addition 
of strong hydrochloric acid causes separation out of the fatty acids. 
The presence of phosphorus in this emulsion can also be determined. 

Nervous tissue (brain) which has been previously dried serves as an 
excellent source for lipoid material. A rough separation may be 
carried out by first extracting the material with cold acetone which 
takes out the cholesterol, then with cold ether which removes mainly 
phosphatides (do P. test) and finally with hot alcohol or chloroform 
which extracts the cerebrosides. Test last extract for presence of a 
reducing sugar—galactose (see p. 259). 


Pulses.—Determine presence of a native protein. 
Pea flour, 10-20 gms., is stirred up with twice its weight of 10 per 
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cent. NaCl solution and allowed to stand for at least one hour. The 
starch is then filtered off and the filtrate saturated with ammonium 
sulphate. The precipitate which results is a mixture of two globulins, 
legumin and vicilin. These may be separated from their solution in 
very dilute ammonium sulphate, as legumin is precipitated on 3'5 
saturation with ammonium sulphate (i.e. addition of 150 c.c. saturated 
ammonium sulphate solution to 100 c.c. of the globulin solution). The 
ammonium sulphate can be got rid of from the precipitate by dialysis. 
Prove globulin nature of legumin. 

The table on following page gives a summary of the composition of 
some of the chief foodstuffs. The data have been taken from the recent 
analyses of R. H. A. Plimmer (Analyses and Energy Value of Foods, H.M. 
Stationery Office, 1921). 


The Methods for the Estimation of General Metabolism.—In carrying 
out the examination of the changes which take place in the organism, 
whether the subject be starving or fed, there are three lines of attack. 
Obviously if all three methods can be used at once the results obtained 
are most comprehensive. The three lines of attack are the investiga- 
tion of the excreta (urine and feces), the respiratory exchange by way 
of the lungs, and the heat loss. The direct determination of heat 
loss may be ruled out at once as a practicable method as it involves the 
construction of a most costly calorimeter. The other two channels of 
excretion fortunately enable us to determine very accurately the energy 
exchange by indirect methods. 

The study of the composition of the urine, particularly the relation 
of the output of nitrogen to the intake in the food, is essential. When 
great exactitude is required the output of total nitrogen in the feeces 
must also be determined. A small amount of nitrogen is also excreted 
in the sweat, also by the loss and growth of epithelial structures, but as a 
general rule this loss is neglected. Since the average protein contains 
approximately 16 per cent. of nitrogen each gramme of nitrogen excreted 
corresponds to 6-25 gms. of protein. 

The end products of the metabolism of fats and carbohydrates under 
normal conditions are water and carbon dioxide. As it is technically 
very difficult to estimate water-gain and loss the gaseous component 
is selected. We can, it is true, gain a good deal of information about 
the changes in metabolism by the study of the carbon dioxide output, 
but if we wish the fullest possible information about the nature of the 
changes, not merely the combustion, but the energy output, we must also 
determine at the same time the oxygen consumption. 

This combined method is carried out most easily by the use of the 
Douglas bag, where by means of a mouthpiece or face mask with two 
one-way valves all the expired air is collected. At the end of the period 
of collection the air in the bag is carefully measured by means of an 
accurately calibrated meter (a sample being drawn off for analysis 
during the process of measurement), note being taken of the temperature 
and the barometric pressure. The sample of air is analysed in the 
Haldane gas analysis apparatus and the percentage of oxygen and 
carbon dioxide present determined. 


Method of carrying out an Experiment 
A. The Determination of the Basal or Standard Metabolism 


The subject lies down on a bed, in the post absorptive condition, 1.¢. 
has had no food for twelve to fifteen hours, and is covered by a rug to 
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Percentage of 

Calorific 
Foodstuff. Value 
Water. | Salts. | Protein.) P2aver,| Eat. | Pet 0% 

Beef (average) : 

Ieee o o o o «| ea) | Msg | We) —— 18-4 | 70-4 
Hindquarter. . . . - | 50-8 | 0-82 | 16-6 — 29-9 | 98-0 
lua G6 6 8 oo a | weal (oes | ikstay — 32-0 | 102-6 
Steak Oe 6 en I BRO OceNEY || ABET — 41-5 | 125-4 
braneyeobIMERs oe 9 6 o || Cy |) Ids 24-0 -- 7-1 | 46-6 
Vealceme 8 sh ys cee meres Lee ie ed 19-6 | — 3:6 | 32-2 
Mutton (leg with bone) . . | 51:7 | 0-82 | 16-1 — 28-5 | 93:8 
Lamb (ditto) 2 08:6) Ol i -2a 20:7 | 74:5 
Ieee (Ghenns 4 oo o g a |) aby | Wy 16:3 | — 11-9 | 78-9 
Bacon (streaky) . -. . - | 27:0 | 7-8 10:3 — 54-2 | 154-9 
sbhine <4 oo 4 om a -« -o |) oH |) gis 10-7 = 40-5 | 119-0 
Eggs (without shell) . . . | 73-7 | 1-1 12:3 — 11-3 | 45-9 
Eggs (dried, average) . : 6-6 | 3-9 40:3 — 39-6 | 162:3 
Milk (fresh) Set he 87-6 | 0-7 3°3 4-8 3-6 | 18-9 
Milk (dried, skim, average) . 4-4 | 63 26:5 | 45-0 | 12-0 | 114-9 
Milk (dried, whole, average) . 5:2 | 5-9 24:5 | 35-1 | 24-1 | 132-9 
Cheese (Cheddar) . . . 33-7 | 4-4 25-2 | — 33:4 | 121-2 
Butter Soe is. oe 13-9 | 0-4 0-4) — | 84-3 | 222-7 
Margarine (average) 13-0 | 1-6 02— 84-8 | 223-5 
Herring (fresh) 48:3 | 1-7 14-5 | — 10-4 | 44-2 
Kipper . 48-4 | 3-7 15:6 | — 14-4 | 56-1 
Whiting 51-1 | 0-7 11-3 — O-1 | 13:3 
Haddock 51-6 | 0-9 12:0 | — 0-2 | 14:5 
Cod . 70°3 | 1-1 15:7 a O-1 | 18-5 
Potatoes 76:2 | 1:3 1-9 | 19-8 | 0-04 | 25-4 
Carrots . 67-8 | 0-9 1-2 9:0 | 0:08 | 12-1 
AMM 5 6 ge a 8 81:3 | 0-6 1-1 3-8 | 0-09 5-9 
Peas (dried split yellow) . 12-6 | 2:4 20:3 | 63-0 | 0-7 98-7 
Beans (smali haricot) . 11-1 | 3:5 17-8 | 64:5 | 0-5 97-0 
Lentils . og 12-3 | 2-1 20-1 | 63-9 | 0-4 98-7 
Barley (pot) : 10:5 | LL 7:0 | 79:9 | 0-8 | 103-1 
Oatmeal (medium). 6-9 | 1:8 11:9 | 70:0 | 8-6 | 117-9 
Rice . 12-2 | 0:8 5:9 | 80:3 | 0-4 | 101-2 
Flour 11-3 | 0:5 9-6 | 77-7 | 0-8 1103-6 

Bread 42-9 | 1-1 7:0 | 48-3 | 0-7 66-0 | 
Sugar (cane) = = — |1000; — |112-2 


keep him warm. After he has lain at complete rest for, say, not less 
than thirty minutes the mouth-piece is adjusted to his mouth and the 
nose-clip accurately fitted to his nose. Five minutes later the observer 
turns the tap connecting the subject with the Douglas bag. The 
expired air should be collected for ten to fifteen minutes. A record is 
made of the pulse and respiration rates. The rest of the operation is 
done as is described in part B. Note the temperature and the baro- 
metric pressure. 


B. The Determination of the Metabolism during the performance of 
work 


The subject adjusts the tube carrier to his head (see Fig. 204), passes 
his arms through the leather straps of the bag, gets the bag adjusted 
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in a comfortable position ; the corrugated rubber connexion tubing is 
thew fixed to the aluminium valve of the bag, the mouth-piece fitted 
into the mouth, the nose-clip adjusted accurately, and then the subject 
starts the exercise or work to be performed. After the subject has got 
into the swing of the work, say after ten to fifteen minutes, the observer 
turns the aluminium cock so that all the expired air passes directly 
into the bag, and is thus collected. Note that the side tube for drawing 
off the air sample is properly clipped. The duration of the collection 
depends on the strenuousness of the exercise—the more strenuous the 
work, the greater the amount of air passing through the lungs, and 
therefore the shorter the duration of the experiment. Care must be 


Corrugated 
rubber 


Headpiece tubing 


Valve Mouthpiece 


2way tap 


Side tube for 
sampling (with clip) 


Fia. 204. 


exercised to see that the bag does not become too full, so that the 
subject has to breathe against pressure, a condition which is a fruitful 
source of error. The time of opening and closing the aluminium cock 
must be most carefully noted. 

The expired air having been collected in the bag, it must now be 
measured and analysed for its content of oxygen and carbon dioxide. 
In order to measure the total volume, the bag is connected with an 
experimental gas meter, which reads to two-hundredths of a litre. 
Note that the water level of the meter is flush with the level mark in the 
meter gauge. The contents of the bag should have been thoroughly 
mixed by lightly kneading the bag before measurement takes place. 
The connexion having been made, the bag is slowly and carefully 
pressed so that the stream of air through the meter is as steady and 
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constant as possible. Measurement at the rate of eight to ten litres 
per minute gives the best result. Great care must be taken towards 
the end to see that the pressure is uniform, and to see at the same time 
that the last of the air is expressed. If pressure is irregular, there is 
always a tendency for the indicator to back-lash, giving in this way a 
faulty reading. Whilst the air is being measured, a sample is drawn off 
from the bag by the small side tube provided for the purpose. Before 
the sampling tube is attached, the air in the side tube must be washed 
out. To do this, and at the same time to prevent undue loss, it has 
been found most satisfactory to place the mouth of the side tube just 
under water in a beaker held in position for the purpose, the clip re- 
moved, and a few bubbles of air allowed to escape. Allowance for this 
escape and the sample collected is, of course,made. The clip having been 
replaced near the end of the tube, the sampling tube filled with mercury is 
connected with the rubber tube, the clip removed, and then by turning 
the taps of the sampler carefully the mercury is allowed to run out 
slowly drawing in the sample of air for analysis. As soon as the 
sampling tube is filled, the taps should be closed, and the rubber side 
tube again clipped to prevent any further loss of air. The temperature 
of the water in the meter should be noted by means of the thermometer 
provided whilst the air is being measured. The measurement of the 
air and the taking of the sample should be done as soon after the 
conclusion of the experiment as possible, otherwise some of the CO, 
may leak out. Asa rule, the loss due to this cause, unless the air has 
been retained in the bags for hours, is very small. All bags should be 
tested before use. 


Analysis of the Sample of Air.—The sample of expired air having 
been collected, it must now be analysed, and the apparatus used is the 
Haldane Apparatus, either laboratory or portable pattern. (Fig. 205.) 

It is assumed, of course, that previous to carrying out the actual 
experimental work, the burette has been tested for the accuracy of its 
graduation, and that the whole apparatus has been tested for tightness. 
Details as regards the procedure to be followed in checking the burette 
and apparatus are most clearly given in Haldane’s book (Methods of 
Air Analysis). 

Two points must be attended to before drawing a sample of air into 
the burette : (1) The connecting tubing to the absorption vessels must 
be free from oxygen, carbon dioxide, or any other absorbable gas, 
otherwise the analysis would be vitiated. In practice these connexions 
are kept filled with nitrogen, a supply of which will have probably been 
left from a previous analysis. If there is no residual nitrogen, a rough 
analysis of air must be performed, the carbon dioxide and oxygen 
completely absorbed and the nitrogen left to fill the connexions; (2) 
the pyrogallate and the potash must be brought to the level marks 
D, R and M on the gauges of the absorption pipettes and of the 
control tube (the tap of the control tube is kept open to the outside air 
until this adjustment is made and it is then closed), 

When the sample of air to be analysed is drawn into the burette, care 
must be taken to avoid drawing in any of the atmospheric air present 
in the connexion tubing. At the top of the gas burette (A), connected 
to it by thick-walled rubber tubing, is a three-way tap (V) which allows 
connexion to be made either with the outside air or with the sampling 
tube. To collect the sample, open the three-way tap to outside air 
only, and by means of the levelling tube (L) force the mercury up 
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Fie. 205.—A, gas burette; B, tube to blow air through water jacket ; 
C, control tube; JD, level mark for pyrogallate; E, potash pipette; F, 
pyrogallate pipette ; G and H, bulbs filled with 10 per cent. potash solution ; 

1 and K2, high and low position of mercury reservoir of sampling tube ; 
L, levelling tube for gas burette ; M, level mark for potash pipettes ; N, two- 
way tap connecting gas burette either with the potash or pyrogallate pipettes ; 
O, connexion between potash pipette and control tube (C); R, level mark 
on control tube connexion; S, potash reservoir; T, sampling tube held in 
position by (1) tapes tied at X and (2) by small wood support Y; V, three- 
way tap; W, water jacket for gas burette and control tube. 


through the burette to the three-way tap. The three-way tap is then 
turned so that it is opened to air and to the sampling tube(T). The 


Yom | 
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air in the sampling tube is under pressure as the mercury reservoir is 
kept in position (K1). The tap at the top of the sampling tube is 
carefully opened, and as a result there is a blow through of air from the 
sampling tube to the outside air through the three-way tap. In this 
way all atmospheric air is blown out, and the connecting tube is filled 
with the air to be analysed. The three-way tap is turned as soon as 
the connexion is filled, so that the sampling tube and the burette are 
connected, the levelling tube is lowered and a sample drawn into the 
burette. Whilst the sample is being drawn in transfer the mercury 
reservoir connected with the sampling tube to position (K2). In 
order to prevent accidents by having undue positive or negative pres- 
sure in the measuring burette, it is well to determine beforehand, once 
and for all, a level for the mercury in the burette, and by having a 
clamp at a suitable height, the levelling tube can be fixed at once, the 
final adjustment to normal pressure being made by means of the 
mercury reservoir in connexion with the sampling tube. As soon as 
the level is reached, the tap on the burette is closed to the sampling 
tube and opened to the potash pipette (E). When this is done, the 
level of the potash in the gauges will almost certainly be slightly dis- 
turbed, but this can readily be adjusted at R by raising or lowering 8 
and at M by altering the position of the levelling tube. The level of 
the mercury is now read off in the burette with the aid of a lens. 

This reading must be most correctly carried out; with the aid of 
the lens it can be done to 0:002 cubic centimetre. The sample is then 
driven over into the potash pipette (E) by raising the levelling tube, 
the mercury being passed up the burette to the level of the tap. The 
sample is then brought back into the burette and the same procedure 
again repeated. This ought to be done four or five times to make 
certain that all traces of carbon dioxode have been absorbed. Com- 
plete absorption is shown by the fact that no further reduction in 
volume takes place. The reading is then made and carefully noted. 
The tap N is turned so that the burette is in connexion with the pyro- 
gallate pipette and the air is passed repeatedly into the pyrogallate 
pipette (EF). 

As, however, a certain amount of oxygen will have been left in the 
connexion between the potash and the tap (i.e. between E and N), this 
is washed out by passing the sample into the potash pipette and back, 
and then into the pyrogallate pipette and back. As a general rule 
this washing out should be done three times. 

The levels at D, R and M are again adjusted and a reading of the 
burette done. In order to make certain that the last trace of oxygen 
has been removed it is well to pass the sample once more into the 
pyrogallate and do another reading. If absorption has been complete, 
the reading should be identical with the previous reading. 

The following is an example of an analysis of expired air : 


EXAMPLE 
Volume of expired air taken - 19-992 e.c. 
After CO, absorbed . : . 19-284 
=) C0, ete la ok. Poe eae 
After O, absorbed : : . 15-914 open 


Fe (Os : . : : - 3370 = 16-86 per cent. 


ADVANCED CHEMICAL PHYSIOLOGY 383 


hae connexion with the analysis, certain points must be borne in 
mind ;: 


(1) See that the apparatus is tight in all its connexions ; see that 
every tap is properly greased and pushed well home; see that the 
rubber connexions have not perished. 

(2) Burette must be kept absolutely clean. A dirty burette means 
faulty analysis and waste of time. The oxygen figure with a dirty 
burette is appreciably higher than with a clean one. A fruitful source 
of contamination, especially in warm weather or a hot laboratory, is 
grease from the burette tap. 

(3) Remember to keep a supply of water in the control tube and to 
keep the burette itself moistened with very dilute sulphuric acid. 
A dry burette is also a common source of error, as the sample when 
passed into the potash will actually increase in volume by taking up 
moisture. 

(4) Keep a careful watch on your absorbing solutions, the potash 
and the pyrogallate. The best index for renewal is when the absorp- 
tion becomes very slow. Remember to keep a stock of the pyrogallate 
made up; matured pyrogallate is a much more efficient absorber of 
oxygen than a freshly prepared solution. Strength of solutions used : 
(1) potassium hydrate 10 per cent.; (2) 10 per cent. pyrogallic acid 
in KOH solution of specific gravity 1-55. 

(5) If red rubber has been used with the potash pipette, see that the 
potash is not unduly yellow from the formation of potassium sulphide 
from sulphur in the rubber. Potassium sulphide may absorb an 
appreciable amount of oxygen. 

(6) If by accident any of the potash or pyrogallate is sucked over, 
the taps are certain to stick unless they are carefully cleaned. The 
burette also must be carefully and thoroughly cleaned with dilute 
sulphuric acid. 

(7) Even with most careful treatment the burette gradually becomes 
dirty, and as already stated in (2) a dirty burette means faulty analysis. 
The best check on the burette is to do frequent analysis of the outside 
air—this should be done as a matter of routine, even when a large 
number of daily analyses are being carried out, every thirty to fifty 
analyses, and of course where the apparatus is being used intermittently 
it should be done each time before a series of analyses is done. The 
Haldane average value for outside air of 20-93 per cent. oxygen and 
0-03 per cent. carbon dioxide should be used as the standard. In the 
event of an error being detected the analysis should be noted, and the 
figure obtained used as a correction factor, or preferably, if time per- 
mits, the burette should be thoroughly cleaned. In any case it should 
be cleaned at the earliest possible moment. If everything is correct, 
the error of reading and adjusting the pressure combined ought not 
to exceed 0-001 cubic centimetre, equalling 0-005 per cent. of the 
volume read off. 

(8) At the end of an analysis the nitrogen left over should be kept for 
further use, for washing out the connexions. It can very conveniently 
be kept stored in the pyrogallate pipette. 

(9) At the close of an analysis, the taps should be so turned as to 
disconnect the burette from the absorption pipettes and open the 
control tube to the air. If this is not done, accidents due to sucking 
over of the absorbing solutions from a fall of temperature or a rise in 
the barometric pressure are likely to occur. 
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(10) The two criteria for successful work in gas analysis are accuracy 
and cleanliness. 


Working up of Analytical Data.—As already noticed at the con- 
clusion of the experiment, during the measurement of the air in the 
Douglas bag, the temperature of the water in the gas meter was taken. 
It is now necessary to calculate the volume of the carbon dioxide given 
off, and the volume of oxygen absorbed at 0° C. and 760 millimetres 
pressure. As the volume has been measured moist, it is necessary to 
ascertain its volume when measured dry.! In order to reduce calcu- 
lation as far as possible, Table, p, 389, expanded from that of Haldane, 
will be of very considerable assistance. 

To take an actual experiment. The volume of air expired in ten 
minutes was 99-75 litres, the temperature of the gas meter 62-2° F. 
and the barometric pressure 29-53 inches. From Table, p. 385, the 
factor for correction is manifestly about 91-2 and the reduced volume 
is thus 99-75 x 0-912 = 90-96 litres. It may be assumed that the 
atmosphere breathed during the experiment was pure, that is, it con- 
tained 20-93 per cent. oxygen and 0-03 per cent. carbon dioxide and 
by difference 79:04 per cent. nitrogen. Analysis (see Example, p. 382) 
has shown that the sample of expired air examined contained 16-86 per 
cent. oxygen, 3-54 per cent. carbon dioxide and by difference 79-60 
per cent. nitrogen. From these data it is easy to calculate the volumes 
of oxygen required and carbon dioxide given off, and the respiratory 
quotient. 

The volume of carbon dioxide (at 0° and 760 millimetres dry) exhaled 
is first calculated as follows : 


3-54 — 0-03 


100 x 90-96 litres = 3-192 litres. 


The calculation of the “apparent” respiratory quotient is next 
carried out as follows : 

3:54 — 0:3 

20:93 — 16-86 


= 0-862. 


But this figure is not that of the true respiratory quotient, because 
during respiration a greater volume of oxygen is consumed than carbon 
dioxide given off, and as nitrogen is neither given off nor taken up in 
respiration, ‘‘it is evident that for every 100 volumes of expired air 
there corresponded in the inspired air, not 20-93 volumes of oxygen ” 

79-60 
(Haldane), but 20:93 x 7904 = 21:08 volumes, and therefore to get 
the true respiratory quotient 16-86 must be subtracted from 21-08. 
In order to save this cumbrous calculation, Haldane has devised a 


*The formula employed to reduce air saturated with moisture at different 
temperatures and pressures to DRY air at 0°C. and 760 mm. pressure is as 
follows : 

Vol. = » x 273 x (6—d%) 
(273 + t) x 760) 
where 6 = pressure in mm. 
61 = tension of aqueous vapour at ¢ 
t = temperature (Centigrade) 
v = volume read. 
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simple table of reference (given in a modified form below) from which 
the “apparent” respiratory quotient being known, the true can 
be read off. In our example the apparent respiratory quotient is 
0-86, hence the true respiratory quotient is 0-83. 


TABLE FOR CALCULATING TRUE FROM APPARENT RESPIRATORY QUOTIENT. 


- | 

Tne 0 1 2 Be ihe 5 6 7! a \aSay wae 
R.Q. | | 

| | | | 
0-7 | 0-649 | 0-660 | 0-671 0-682 | 0-693 | 0-704 0-715 0-726 0-738 0-749 
0-8 | 0-760 | 0-771 | 0-783 0-794 | 0-806 | 0-817 | 0-829 | 0-841 0-853 | 0-865 
0-9 | 0-877 | 0-889 | 0-901 0-913 0-925 0-937 0- 50 | 0-962 0-975 | 0-987 
10 |1:00 | — | — | — | — —}/—;—}]—)]— 


The volume of carbon dioxide given off and the true respiratory 
quotient being known, the volume of oxygen absorbed is readily 
calculated by dividing the carbon dioxide output by this true respira- 
tory quotient. In the present example, that is, 3:192 + 0:83 = 3-840 
litres oxygen. As the result is usually recorded in volume of oxygen 
per minute, the total volume of oxygen is divided by the duration of 
the time of the experiment, in this instance ten minutes, hence the 
oxygen consumption was at the rate of 384 cubic centimetres per 
minute. Inorder to convert this figure into energy expenditure, it is 
multiplied by the factor given in Table below for the respiratory quotient 


CALORIE VALUE OF 1 LITRE OF OXYGEN. 


| 
1 2 3 4 5 6 7 8 i) 


= | = aren en 


7133/4-7950) —2 | = 
dyfe || 


— | — | — |4-8015'4-81074-8198|4-8290 4-8382 4-8473 4-856514-8656| 
8 | — (48748 4-8840/4-8931 4-9023 4-9114/4-9207 4-9299 4.9390 4-9482/4-9573 
9 | — [4.9665 4-9757/4-9848 4-9940 5-0031|5-0123 5-0215 5-0306 5-0398|5-0489 
10 0500 22 | | | | 


obtained, thus 384 x 4:9023 = 1-88 Calories per minute. As it is 
obvious this figure is only of value in relation to the subject on whom 
the experiment was carried, some universal basis of calculation must 
be adopted. Very frequently the basis used is Calorie expenditure per 
kilogram body weight, but this is not a secure basis, as body weight 
may either be due to a mass of active tissue, like muscle, or a mass of 
inactive material, like fat. As the level of metabolism is a function of 
the mass of active tissue, it has been found that a much more secure 
basis for caleulation can be obtained, if the surface area of the body 
(i.e. height plus weight) is used. The modern formula used for this 
calculation 


Surface area in sq. metres = W425 x H%725 x .007184 
is the result of the careful work of D. and E. F. Du Bois, of New York, 


Height - Centimetres. 
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who have devised the following chart from which the estimation of the 
surface area in square metres for various heights in centimetres and 
weights in kilograms can be made as a glance (Fig. 206). 

The subject of the experiment already detailed had a height of 163 
centimetres, and weighed 50 kilograms. His surface area accordingly 
was approximately 1-52 square metres, and hence his energy output 
converted into a standard basis of Calories per square metre amounted 
to 1-24 Calories per minute, or 73-4 Calories per hour. 

The relative combustion of carbohydrate and fat can be calculated 
from the respiratory quotient as, the experiments being of short duration, 
it is assumed that during the actual period of the experiment only 
carbohydrate and fat are utilised. If the nature of the experiment 
demand it, the protein consumption can be determined from the output 


SSP OKO 
TE CRONNOS 


\OSIN SSB 
BN NSB 
<3 
20 30 40 50 60 70 80 30 100 
Weight - Ailograms 
Fia. 206. 


of nitrogen in the urine. For every gramme of urinary nitrogen 8-45 
gm. oxygen (1 gm. O, = 0-699 litre) are required for the oxidation 
processes and 9:35 gms. of carbon dioxide (1 gm. CO, = 05087 
litre) are given off. If then the appropriate amounts of oxygen and 
carbon dioxide be deducted from the total amount of oxygen utilised 
and of carbon dioxide exhaled a non-protein R.Q. is thus obtained and 
from this an accurate estimate of the material utilised in a given time 
can be made. See Table, p. 388. 

The fact must, however, never be forgotten that the R.Q. is a ratio 
and nothing more, and moreover it is a ratio of many components. 

If the amount of external muscular work done is known it can also be 
converted from kilogrammetres, the usual method of assessment, into 
calories. 426-6 kgm. are equal to 1 Calorie. 
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For EAcH LITRE OF O, CONSUMED. 


i | ilisati ilisation of Loss of Body 
Ue Paha are (A a 
| | 
g. g. g. 
0:7133 | 4-7950 | 0-0000 0-5027 0-503 
0-72 | 4-8015 = — = 
0-75 4-8290 0-1543 0-4384 1-056 
0:80 4.8748 0-3650 0-3507 1-811 
0-85 | 4-9207 0:5756 | 0-2630 2-565 
090 | 4-9665 | 0-7861 0-1753 3-320 
0:95 5-0123 0-9966 0-0877 4-074 
1-00 5-0581 1-2071 0-0000 4-828 


Statement of Results.—The question as to the number of places the 
figures in data of metabolism experiments should be expressed has 
recently been dealt with by Lusk and his collaborators. Generally 
speaking, the number of digits published should just be sufficient to do 
justice to the experiment, and at the same time allow other workers to 
recalculate the work. Every effort should be made to keep all possible 
errors within the limits of 1 per cent., as Lusk says: ‘‘ In metabolism 
work, the analytical error is seldom much less than 1 per cent. A 
variation of one per cent. in the result of an experiment would not 
change its significance or effect its interpretation. For these reasons, 
it seems unnecessary to publish more than three significant figures in 
the tables of data, and in some cases it is not worth while to publish 
more than two. In order to avoid the accumulated rejection error, it 
is advisable to retain four figures wherever possible in the calculations 
and reject the fourth digit only in the final result.’ 

In rejecting figures, the rule is to increase by one the last figure 
retained when the first rejected figure is 5 or greater; otherwise leave 
it unchanged. Thus 5-437 would become 5:44, but 5-434 would 
remain as 5:43. 

In stating the respiratory’ quotient give only two figures; third 
figure, except in certain pathological conditions, is without significance. 
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CHAPTER XXV 
HYDROGEN ION CONCENTRATION 


For the proper action of the tissue cells a balance is maintained 
between the acids and bases present in the tissue fluids so that they are 
kept constantly just on the alkaline side of neutrality. This balance is 
maintained in spite of the varying production of various acids during the 
course of metabolism, even when as the result of various stimuli, acids, 
such as lactic acid, are produced in excess. Acidosis does not mean 
that the reaction of the blood has become acid. In this maintenance of 
neutrality sodium carbonates and phosphates play the chief réle ; they 
act as ‘‘ buffers ’’ in that when they are present in solution the addition 
of acid has but little effect so far as the reaction of the fluid is concerned. 

The real acidity or alkalinity of a solution cannot be determined by 
titration but by the hydrogen ion concentration (cH). 

This value varies with the concentration and the degree of dissociation 
of the acid or alkali tested. Thus a decinormal solution of HCl as 
commonly used in titrations is not tenth normal, but only about 0-09 
normal when valued in terms of hydrogen ion concentration. This is 
due to the fact that dissociation of HCl into Ht+and Cl- is not complete. 
The same is true of alkaline solutions which may be expressed in terms 
of diminishing hydrogen ion concentration instead of increasing hydroxyl 
ion concentration. The neutral point for all standards is taken as 
that of specially distilled (pure conductivity) water, where [H+]=[OH- ] 
and the H ion valueis10—’. The various values are now usually stated 
in terms pH, which is the logarithm of the hydrogen ion concentration 
(cH) with the minus sign omitted, cH of 10-7 = pH of 7. 

Note that as the pH value decreases the hydrogen ion concentration 
increases, the solution becomes more acid and as it increases the solution 
becomes more alkaline. 

The approximate pH values of various secretions, etc., are given in 
the following table : 


pH 
Gastric juice 1-77 
Urine . 5-5-7:0 
Milk (cow) 6-6 
», (human) 7-0 
Saliva : 6-9 
Blood ; : 7:4 
Feces (variable) 8-0 
Pancreatic juice 83 


Two methods have been employed for the determination of the 
hydrogen ion concentration, (4) the electrometric method and (6b) the 
indicator or colorimetric method. The first of these methods demands 
the use of very elaborate apparatus, whereas the second, while perhaps 
not quite so accurate, is more easily carried out. 

Whatever the nature of the process certain chemical bodies called 
indicators change in colour with variations in the hydrogen ion con- 
centration. In recent years a large number of indicators have been 
introduced which permit of the determination of a wide range of reaction 
(pH of 1 to pH of 14) with ease and rapidity. 

In carrying out the determination an ordinary test tube rack, with a 
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sheet of white paper pinned behind it, when tilted slightly backwards 
serves quite well. For more accurate work a colorimeter or a blackened 
box called a comparator may be made use of. 

The indicators commonly employed are as follows : 


Solution. Indicator. pH Range. | Acid > Alkaline, 
0-04%% in water Thymol blue (acid =-1-2- 2-8 Red Yellow 
range) 
0-1% in 50% alcohol Methyl orange. . 3-l- 44 Red—Yellow 
0-04°% in water Brom-phenol blue 3-0- 46 Yellow—Blue 
0-02% in 60% aleohol Methylred. . . 44-60 Red—Yellow 
0-04% in water Brom-cresol purple 5-2— 6-8 Yellow—Purple 
0-04% in water Brom-thymol blue. 6-0—- 7-6 Yellow—Blue 
0-02% in water Phenolred. . . 6-8— 84) Yellow—Red 
As above Thymol blue (alka- 8-0- 9-6 Yellow—>Blue 
line range) _ 
0-05% in 50° aleohol Phenol-phthalein .  8-3-10 Colourless— Red | 
0-049 in 50° aleohol Thymol-phthalein 9-3-10-5 Colourless> Blue 


The amount of indicator added is important. Speaking generally, 
5 drops of any of the foregoing solutions added to 10 ¢c.c. of the solution 
to be tested give a good result. 

A series of standard solutions may be prepared with different pH 
values such as the convenient standards of Clark and Lubs. (An 
excellent account of the methods, indicators and various standard 
solutions and their preparation is to be found in The Determination 
of Hydrogen Ions, by W. M. Clark, Baltimore.) The various salts 
required for the preparation of the standard solutions can now be 
purchased in a pure state. , 

A range of pH from 1-3 may be obtained with N/10 HCl (1-04), 
N/50 HCl (1-72), N/10 acetic acid (2-89). 

A range of pH from about 3-5-6 may be obtained by combining 
various volumes of N/10 acetic acid and N/10 sodium acetate. 

A range of pH from 6-8, the most important physiological range, is 
best prepared from standard Sérensen phosphate solutions. (1) An 
M/15 solution of primary potassium phosphate which contains 9-078 
gms. KH ,PO, per litre, and (2) an M/15 solution of secondary sodium 
phosphate which contains 11-876 gms. Na,HPO,, 2H,0 per litre. 

Brom-thymol blue and phenol red are satisfactory indicators at this 
range of pH concentrations. 

In order to test the turning point of the various indicators at varying 
hydrogen ion concentration measure 5-7 c.c. of distilled water into a 
clean beaker, add 5 drops of one of the indicators, and then run in care- 
fully from a burette 1 c.c. of decinormal sodium hydrate. Note the 
colour. Then add from another burette, drop by drop, decinormal 
acetic acid until the colour of the indicator changes. Note the colour 
and the amount of acid required. Repeat this (a) with the whole 
series of indicators, and (6) using decinormal hydrochloric acid in place 
of the acetic acid. 

To test the * buffer * action of salts like sodium bicarbonate, compare 
the amounts of decinormal hydrochloric acid which must be added to 
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PHOSPHATE MIXTURES. 


Secondary. Primary. pH. 

C.c, C.G. 

1-0 9-0 5-906 
2-0 8-0 6-239 
3-0 | 7-0 6-468 
4-0 6-0 6-643 
5-0 5-0 6-813 
6-0 4-0 6-979 
7-0 3-0 7-168 
8-0 2-0 7:381 
9-0 1-0 7-731 
9-5 0-5 8-043 


obtain the turning point of an indicator such as methyl orange, (a) 
using 10 c.c. distilled water and (b) 10 c.c. of a 0-25 per cent. solution of 
sodium bicarbonate. Repeat this experiment with solutions of phos- 
phates, citrates and acetates. 

A similar type of experiment may be done, using bromthymol blue 
or phenol red as indicator, by breathing through (one full expiration) 
(a) 0-25 per cent. sodium chloride, (b) N/4, (c) N/40, and (d) N/400 
sodium bicarbonate solutions. 

Standard tubes of the various solutions containing identical amounts 
of the indicators (5 drops) should be prepared. Estimate the hydro- 
gen ion contentration in these different solutions by comparison with 
the prepared standards. Try experiment with each indicator. 

Similar tests may be made of the reaction of the blood, but the dialysis 
method introduced by Dale and Evans (Jour. of Physiol., 1920, 54, 
167) gives much more accurate results. 


APPENDIX 


ANALYTICAL TABLES 


(OuTLINE or METHOD FOR DETECTION OF Various SUBSTANCES IN 
A MIXTURE.) 


The following Physical Properties should be noted : 


I. Appearance. 
A. Powder.—Dust some on to a slide and examine under the 
microscope for starch grains and crystals. Dissolve some in 
a suitable solvent. 
B. Solution. 


1. Opaque—may be due to: 
(a) suspended fat globules—clear up with ether ; 
(b) certain inorganic salts—clear up with mineral acid; 
(c) certain proteins. 


2. Opalescent—may be due to: 
(a) glycogen or starch—iodine reaction ; 
(6) certain proteins. 


3. Deeply coloured—suspect blood. 


II. Reaction. 
A. Acid—may be due to: 
m a net faPly congo red test. 
If due to free acid, ascertain whether this be 
1. a mineral acid on le Caehoecea tost 
9. an organic acid) 2) = me ee ce 
If due to an organic acid, apply Uffelmann’s test for lactic acid. 
B. Alkaline test for carbonic acid (effervescence with mineral acid), 
ammonia (smell, etc.), caustic alkali. 
The following Chemical Tests should now be applied to suitable 
quantities of the solution. 


I. For Carbohydrates. 
1. Apply T'rommer’s test. 


A. Positive—indicates monosaccharides, lactose, or maltose. 
B. Negative, but complete solution of cupric hydrate obtained 
on adding caustic alkali, indicates cane sugar. Confirm 
for this by boiling some of the solution with a mineral 
acid for a minute or so, and applying Trommer’s test 
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to the product—reduction indicates cane sugar. The 
original solution will also taste sweet. 


C. Negative, and no solution of cupric hydrate. Absence of 

monosaccharides and disaccharides. 
2. Add Iodine Solution. 

(a) A blue colour which disappears on heating, and returns on 
cooling indicates starch. 

(b) A brown colour which disappears on heating and returns 
on cooling indicates dextrin or glycogen. Confirm for 
polysaccharides by heating some of the original fluid 
for about fifteen minutes with a mineral acid, and testing 
for sugar in the hydrolysed fluid. 


To distinguish between Starch, Glycogen, and Dextrin.—Shake 
up some of the original powder with cold water and filter. By 
this treatment glycogen and dextrin will dissolve, starch will 
not. Wash the filter paper thoroughly with water, then add 
a drop of iodine solution—a blue stain indicates starch. Add 
iodine solution to the filtrate—a red colour indicates dextrin 
or glycogen ; if the former body be present the filtrate is clear, 
opalescent if the latter. 


To distinguish between Dextrose, Maltose, and Lactose. 

(1) Prepare osazone crystals and examine under the micro- 
scope-—dextrosazone gives long thin needles; maltos- 
azone, short thick needles; lactosazone, needles of 
varying length and thickness. 


(2) Barfoed’s reaction may also be tried. 


II. For Proteins. 
1. Apply the Biuret reaction—(a) A violet colour indicates native 
proteins ; (b) a rose pink colour, proteose or peptone. 
2. Apply Millon’s and the Xantho-proteic tests. 

(a) A well-marked reaction indicates ordinary proteins. 

(6) A faint reaction (combined with a distinct Biuret, 
and the absence of coagulation on boiling) points to 
gelatine. (Confirm by noting if the solution gelatinises 
on cooling.) 


If the Biuret Test gives a Violet Coloration, 

A, Adda drop or so of dilute acetic acid and boil. A coagulum 
points to native proteins. To ascertain which of these 
is present (i.e. albumin or globulin), half saturate some 
of the solution with (NH,),SO,. <A precipitate indicates 
globulin; filter; if the filtrate still gives a coagulum 
on boiling, albumin is present. io 

B. Carefully neutralise some of the solution. A precipitate 


may be: 
1. Alkali Meta-protein—original) the precipitate re- 
fluid alkaline dissolves on adding 
2. Acid Meta-protein — original{excess of acid or 
fluid acid alkali. 
3. Nucleo-protein—original fluid) precipitate does not 
alkaline disappear on adding 


4. Mucin—original fluid alka-{a moderate excess 
line of acid. 
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To distinguish between Nucleo-protein and Mucin.—This is 
possible only when a large amount of these bodies is present. 
The acetic acid precipitate is collected on a filter paper, washed 
with acidulated water, and divided into two portions a and 6. 

(a) Boil with 20 per cent. HCl for 10 minutes ; cool; neutral- 
ise; apply Trommer’s test. A positive reaction points 
to mucin. 

(b) Melt in a crucible with fusion mixture; after the ash 
cools, dissolve it in nitric acid and add molybdate of 
ammonia solution. A yellow precipitate on warming 
indicates Nuclein. 


If the Biuret Test gives a Rose Pink Coloration, add a few drops 
of concentrated pure nitric acid. 

A. A white precipitate, which clears up on warming and 
returns on cooling, points to Proteose. Confirm by the 
salicyl sulphonic acid test. 

If proteose be present, saturate some of the original 
fluid, from which native proteins have been separated 
by boiling with sodium chloride. A precipitate indicates 
primary proteoses. Filter and add a drop of acetic acid ; 
a precipitate points to secondary proteoses. 

B. No precipitate with nitric acid, but a distinct pink Biuret 
reaction, points to Peptone, Confirm by saturating the 
original fluid with ammonium sulphate, filtering and 
applying the Biuret test to the filtrate. 


When two or more Proteins are present, the following method 
will be found very useful. 

Add a few drops of salicyl sulphonic acid to several c.c. of the 
original fluid. A white precipitate may indicate native 
protein or proteoses. Boil. The proteoses dissolve, 
whereas the native protein becomes coagulated. Filter 
hot. If a precipitate forms in the filtrate on cooling it 
indicates Proteoses. Filter off this precipitate and apply 
the Biuret test to the filtrate. A rose pink coloration 
indicates Peptone. 

III. For Fats.—In watery solution fat may be dissolved as a soap. 
The presence of this can be detected by pouring some of the original 
fluid into about 20 ¢.c. of 20 per cent. H,SO, contained in a small 
beaker, and heated to near boiling point. If soap be present a film of 
fatty acid will form on the surface of the fluid. 


IV. The following substances should also be tested for. I. Bile 
salts—Pettenkofer’s reaction; II. Bile Pigments—Gmelin’s test. 


V. Urea.—(1) Add somo fuming nitric acid to some of the original 
fluid. Effervescence points to urea. ; 

(2) Repeat with hypobromite solution. 

(3) If 1 and 2 be positive, confirm by obtaining urea nitrate erystals. 
To do this evaporate about 30 c.c. of the original fluid to small bulk, 
extract residue with six times its bulk of methylated spirit, evaporate 
this extract to dryness, dissolve residue in 3-4 ¢.ec. distilled water, and 
add to the resulting fluid a few c.c. of pure nitric acid, meanwhile 
keeping the test-tube cool by holding it under the tap. Crystals of 
urea nitrate separate out if urea is present. Examine under micro- 
scope. 
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VI. Uric Acid.—Apply murexide test. 

VII. Blood Pigment.—(1) Examine by means of the spectroscope. 
A, the original fluid; B, the same after reduction; O, the same 
after the addition of caustic alkali and heating. By this latter method 
alkali hematin is formed. This itself does not give a very distinct 
absorption band, but if a reducing agent (NH,HS) be added to it 
hemochromogen is formed, which has two very distinctly marked 
bands in about the same position as those of oxyhemoglobin. 

(2) Apply the guaiac and ozonic ether test. 


When it is desired to ascertain whether Ferments be present it is 
necessary to add a piece of coagulated egg-white, or of washed fibrin, 
to the original fluid, and to place the mixture on a waterbath heated 
to body temperature. If, after an hour, the digest gives a distinct 
proteose reaction, and this was not obtained in the original fluid, the 
presence of a proteolytic ferment may be assumed; pepsin, if the 
original fluid react acid, and trypsin, if it react alkaline. If proteoses 
are present in the fluid itself, some method like Mett’s must be 
employed to identify the ferment. 

For the detection of Diastatic and Lipolytic ferments, the methods 
described in the text must be employed. 

For the detection of the various substances which may occur in the 
urine, the test and reactions described in the text must be applied. 


Nrirrocen Factors FoR CERTAIN ORDINARY METABOLIC PRODUCTS 
Founp IN URINE. 


Urea Nx a Leb 
Ammonia = N x 1:214 
Uric Acid = N x 3:00 
Creatinine = N x 2°695 
Creatine = WN x 3'12 
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Accommodation of eye, 15 
Adrenalin, 53, 159 
After images, 27 
Air, alveolar, 136 
atmospheric, 135 
complemental, 132 
effect of temperature and moisture 
of, 172 
expired, 136, 138 
inspired, 138 
supplemental, 132 
tidal, 132 
Alimentary canal, movements of, 73, 
180 
Anzsthesia, 174 
Anelectrotonus, 34, 120, 121 
Anode, 34, 120 
Antagonism of drugs, 157 
Apnea, 72, 146, 148 
Aristotle, experiment of, 7 
Asphyxia, 145, 168 
Astigmatism, 19 
Atropine, effect of, upon frog’s heart, 
67, 157 
Auscultation, 56, 70, 129 


Biedermann’s solution, 103 

Bile, effect on heart, 154 

Blind spot, 20 

Blood,. circulation of, 56, 162, 163 
gases, 140 
oxygen capacity of, 142 
pressure, 58, 164 

Blood-vessels, innervation of, 159 
profusion of, 159 

Brain, influence of, on muscles, 29 
frog’s, 175 

Breathing, 59, 70, 128, 133, 145 
abdominal, 129 
forced, 72, 133, 146 
graphic record of, 71, 132 
rate of, 59, 71, 129 
thoracic, 129 
volume of, 129, 136 
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Canal, alimentary, movements of, 53, 
180 
Canals, semicircular, 12 
Cannula, 158, 163 
Capacity, vital, 132 
Carbon dioxide, influence of, 71, 133, 
146 
monoxide, influence of, 144 
Cardiograph, 55, 62 
Cardio-pneumatic movements, 56 
Cathode, 34, 120, 121 
Cerebrum, effects of removal of, 29 
Chest, auscultation of, 70, 129 
examination of, 70, 128 
inspection of, 70, 128 
palpation of, 129 
percussion of, 70, 129 
Cheyne-Stokes respiration, 147 
Chloroform, effect of, on frog’s heart, 
58, 160 
effect of, on frog, 175 
Chronograph, 28 
Circulation of blood, 56, 159, 162 
artificial schema of, 56 
influence of gravity on, 163 
proofs of, 162 
time, 163 
Clonus, 177 
Coal-gas, effect of, 144 
Cochlea, 10 
Colour, blindness, 24 
complementary, 27 
sensations of, 24 
Commutator, 36, 81 
Conductivity of nerve, 36, 87, 111 
Contraction, of muscle, 37, 38, 89 
secondary, 115 
voluntary, 37, 111, 178 
Cord, spinal, effects of removal of, 30, 
159, 175 
section of, 145, 173 
roots of, 178 
Cornea, action of, 16 
reflex, 174 
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Cramp, stokers’, 104 
Curare, 33, 173 
Current, action, 114 
demarcation, 114 
injury, 114 
Cyrtometer, 70, 128 


Daniell cell, 75 

“Dead space,” 136 

Defecation, 186 

Deglutition, 73, 133, 180 

Depressor nerve, 164, 170 

Digestion, 73 

Drugs, action of, on frog’s heart, 67,154 
on temperature of body, 173 

Drum, recording, 38, 167 

Du Bois-Reymond’s key, 76 

Dynamometer, 38 


Ear, structure of, 10 
Efficiency, physical, tests for, 149 
Elasticity of muscle, 93 
lungs, 71, 130 
rubber, 93 
Electro-cardiograph, 119 
Electrodes, 74, 76 
polarisation of, 111 
unpolarisable, 112 
Electrometer, capillary, 119 
Electrotonus, 34, 121 
Emmetropia, 19 
Emprosthotonus, 175 
Ergograph, 48, 106 
Ether, effect of, on frog’s heart, 158 
Eudiometer, 142 
Eustachian tube, 10 
Exchange, respiratory, 70, 134, 137, 
139 
Excitability of nerve, 87 
of muscle, 33, 114 
Expiration, 136 
Extensibility of muscle, 93 
Kye, accommodation of, 17 
artificial, 16 
dissection of, 13 
media of, 14 
optical defects of, 19 
structure of, 13 


Faradic shocks, 34 

Fatigue, of muscle, 47, 48, 105 
of nerve, 125 

Fremitus, vocal, 129 


Galvanic current, 34, 77 
Galvani’s experiment, with metals, 89 
without metals, 115 
Galvanometer, 117 
Gas, analysis of, 134 
of blood, 140, 142 
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Gas pump, 140 
tension of, 137 

Glycerine, effect of, on muscle, 92 

Gracilis experiment, 113 

Gravity, influence of, on circulation, 
163 

on swallowing, 181 

Gum, solution of, for transfusion 

104 


Hearing, 10 
Heart, anatomy of frog’s, 55 
of sheep’s, 54 
beat, methods of recording, 55, 61 
block, 151 
contraction of, 60, 150 
effect of constant current on, 120 
bile on, 154 
distilled water on, 161 
drugs, on, 67, 154, 160 
temperature on, 67 
electromotive properties of, 116, 119 
gangha of, 157 
inhibition of, 64, 150, 167 
nerves of, 64, 157, 164 
perfusion of, 158 
refractory period of, 52 
rhythm of, 60, 63, 150 
sounds of, 56 
Stannius, 52, 63, 150 
valves of, 54 
Heat, animal, 171 
loss of, 172 
regulation of, 172 
Hibernation, 171 
Hooke’s law, 93 
Hyoglossus muscle, 90 
Hypermetropia, 19 
Hyperpnea, 133, 147 


Images, Purkinje’s, 21 
Sanson’s, 16 
Impulse, cardiac, 55 
nervous, rate of discharge of, 177 
rate of transmission of, 36, 111 
transmission in both directions, 
113 : 
Induction coil, 78 
shocks 78 
Inhibition of heart, 64, 150, 167 
Inspiration, 132 
Intestine, movements of, 53, 184 
Tris, 14, 53 
Isotonic solutions, 104 


Katelectrotonus, 34, 121 
Kathode, 34, 120, 121 
Keys, 76 

Knee-jerk, 31, 174 
Kymograph, 167 


PART 1] 


Labyrinth, 12 
Laryngoscope, 11 
Latent period of muscular contrac- 
tion, 42, 90, 100 
Law of Hooke, 93 
of Majendie, 178 
of Miller, 85 
specific energy of nerve, 20, 85 
Lens, crystalline, 14 
action of, 15 
changes in, during accommoda- 
tion, 17 
Lever for muscle, 42 
Lippmann’s capillary electrometer, 
119 


Load, effect of, upon muscular con- 
traction, 44, 97 
Lungs, collapse of, 71, 130 
elasticity of, 71, 130 
ventilation of, 131 
Lymph hearts, 159 


Macula lutea, 14, 22 
Magnification by levers, 97 
Majendie, law of, 178 
Manometer, 165, 166 
Mariotte, experiment of, 20 
Medulla oblongata, effects of removal 
of, 145, 159 
Monochord, 75 
Miller, law of, 85 
Murmur, vesicular, 70, 130 
Muscarine, effect of, on heart, 157 
Muscle, 29, 89 
action of constant current on, 35 
distilled water on, 102 
glycerine on, 92 
salts on, 102 
veratrine on, 90 
contraction of, see Muscular Con- 
traction 
elasticity of, 93 
electromotive properties of, 114, 
cil) 
extensibility of, 93 
independent excitability of, 
114 
Muscle and nerve, preparation, 39, 40 
Muscle lever, 42 
Muscles of the frog’s leg, 113 
Muscular contraction, 37 
conditions affecting, 44, 89 
effect of fatigue on, 47, 105 
load on, 44, 97 
temperature on, 45 
tension on, 44, 97 
force of, 38 
red and white muscles, 90 
shortening during, 37 
work during, 38, 98 


33, 
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Muscular exercise, effect of, on blood 
pressure, 59 

on pulse, 59, 149 

on respiration, 59, 133, 147 
Myograph, 42 

pendulum, 101 

Myohaematin, 90 
Myopia, 19 


Neef’s hammer, 79 
Nerve, 29, 87 
cervical sympathetic, 164 
chemical stimulation of, 33, 89 
depressor, 164, 170 
effect of constant electrical current 
on, 34, 121 
electrical resistance of, 89 
electrical stimulation of, 34, 87 
electromotive properties of, 114, 
I ize 
fatigue of, 125 
impulse, rate of transmission of, 36, 
111 
mechanical stimulation of, 33, 89, 
125 
properties of, 29, 87 
relation between muscle and, 32, 
114 
roots, functions of, 178 
specific energy of, 20, 85 
sweat, 173 
thermal stimulation of, 33, 89 
vago-sympathetic, 65 
vagus, dissection of, 157, 164 
vaso-motor, 159, 163 
Nervous system, central, 29, 174 
Nicotine, action of, on heart, 
157 


67, 


Ophthalmoscope, 14 
Oxygen, effect of different percent- 
ages of, 133, 146 
lack of, 144 


Pain, sense of, 7 

Palpation, 129 

Percussion, 70, 129 

Perfusion, of blood vessels, 159 
of heart, 158 

Pericardium, 163 

Perimeter, 23 

Peristalsis, 180 

Phakoscope, 18 

Phosphene, 85 

Pilocarpine, 157 

Plethysmogram, 170 

Pohl’s reverser, 81 

Polarisation of electrodes, 111 

Presbyopia, 19 
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Pressure, blood, in man, 58 
in animals, 164 

intra-thoracic, 130 
intra-tracheal, 130 

Proprioceptive mechanism, 12 

Pulse, in man, 57, 59, 149 

Pump, blood-gas, 140 

Pupil, reflexes of, 32 

Purkinje’s images, 21 


Quotient, respiratory, 138, 140 


Reaction time, 30 
Receptors, 5, 8 
Recorder, bellows, 178 
Reflex, 30, 174 
Refraction, 16 
errors of, 19 
Refractory period, voluntary muscle, 
100 
of heart, 52 
Respiration, 70, 128 
apparatus, 139 
centre for, 145 
chemistry of, 70, 134, 140 
Cheyne-Stokes, 147 
effect of muscular exercise on, 59, 
133, 147 
of various factors on, 132 
movements of, 71, 132 
rate of, 71, 132 
regulation of, 145 
Respiratory exchange, 70, 137, 139 
quotient, 138, 140 
Retina, 14, 20, 85 
Reverser, Pohl’s, 81 
Rheocord, 34, 75 
Rheoscopie frog, 115 
Rigor, water, 102 
Ringer’s solution, 104 
Rubber, elasticity of, 93 


Saline solution, normal, 103 
Ringer’s, 104 
Salts, action of, 102 
Sanson’s images, 16 
Sartorius experiment, 113 
Scheiner’s experiment, 17 
“*Second Wind,’’ 147 
Sensations, cutaneous, 6 
Sense, labyrinthine, 12 
muscle-joint, 12 
of contact, 6 
hearing, 10 
pain, 7 
pressure, 6 
sight, 13, 85 
smell, 9, 86 
taste, 9, 85 
temperature, 7 
touch, 6 
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Senses, special, 5, 85 
Shunt, 117 
Sinus, of frog’s heart, 63, 150 
stimulation of, 64, 154, 157 
Skin, reflexes of, 32 
sensibility of, 6 
temperature of, 173 
Smell, 9, 86 
Sounds, bronchial, 70, 130 
cardiac, 56 
Sounds, respiratory, 70, 129 
Sphygmograph, 57 
Sphygmogram, 59 
Sphygmometer, Riva Rocci, 58 
Spinal animal, 30 
Spirometer, 131 
“Staircase”? effect in voluntary 
muscle, 102 
Stannius experiment on heart, 63 
Stethograph, 71, 132 
Stereoscope, 25 
Stimuli, minimal and maximal, 45, 
92 
successive, 48 
summation of, 100 
Stomach, movements of, 182 
Strychnine, action of, 176, 177 
Summation of contraction, 48 
of stimuli, 100 
Suprarenal extract, 53, 159 
Swallowing, 10, 71, 73, 133, 180 
Sweat, 173 


Taste, 9, 85 
Temperature, of man, 73, 171 
effect of muscular exercise on, 73, 
171 
of urine, 172 
of warm-blooded and cold-blooded 
animals, 171 
effect of, on heart, 67 
on muscular contraction, 46 
regulation of, 172 
sense of, 7 
Tension of gases, 137 
Tetanus, complete, 51 
genesis of, 48 
incomplete, 51, 124, 177 
produced by strychnine, 177 
secondary, 116 
Thermometry, 171 
Thorax, examination of, 70, 128 
Tone, postural, 174 
Traube-Hering curves, 170 


Unipolar excitation, 88 
Urine, temperature of, 172 


Vagus (vago-sympathetic), dissection 
of, in frog, 65 
in rabbit, 164 
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Vagus, stimulation of, effect on heart 
of frog, 64-67, 151, 157 
influence on arterial pressure, 
164-169 
‘influence on respiration, 168 
Vaso-motor system, 159, 163 
Veratrine, action of, upon muscle, 
90 
Vision, 13, 85 
Vision, binocular, 25 
colour, 24 
double, 26 
field of, 22 
monocular, 15 
single, 26 
Voice, 11 
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Water, distilled, action on muscle, 
102 
on heart, 161 
Weber’s paradox, 96 
Weight, appreciation of, 6, 12 
Wind, second, 147 
Work, done by muscle during con- 
traction, 38, 44, 97 
mental, effect on circulation and 
respiration, 59 
muscular, effect on circulation and 
respiration, 59, 133, 147, 149 


X-rays in examination of alimentary 
canal, 180 


Yellow spot, 14, 22 
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Absorption of fat, 212 
Alcohol, as a fixative, 195 
Amceboid movements, 194 
Analysis, micro-chemical, 197 
Aorta, 218 

Apathy, solution of, 199 
Appendix, vermiform, 212 
Are, reflex, 224, 228 

Artery, 218 
Auriculo-ventricular bundle, 218 
Axon, 226 


Bacteria, 212 
Best, method of, 199 
Bichromates as fixatives, 195 
Bile ducts, 212 
Bladder, 222 
Blind spot, 228 
Blood, 213 
cells, 193 
colourless, 215, 218 
amoeboid movement of, 194 
migration of, 220 
varieties of, 213 
red, action of reagents on, 193 
development of, 217 
enumeration of, 214 
fate of, 218 
resistance of, 194 
circulation of, 219 
coagulation of, 216 
colour index of, 215 
film, 213 
specific gravity of, 216 
Blood vessels, 218 
Bone, 208 
Brain, 229 
Bronchi, 220 
Bronchioles, 220 
Bundle, auriculo-ventricular, 218 


Cajal, method of, 226 

Canal, semi-circular, 229 

Capillaries, 219 
circulation in, 219 


Capillaries, motility of, 220 
Cartilage, articular, 207 
cellular, 207 
costal, 207 
fibro, 207 
hyaline, 207 
Cedar Oil, 196 
Cell, division, 202 
giant, of red marrow, 218 
living, 193 
movement, 202 
organism, 201, 203 
Celloidin, embedding in, 197 
Cerebellum, 229 
Cerebrum, 229 
Chamber, gas, 194 
moist, 194 
Chloroform, 196 
Choroid, 228 
Chromaffin, 223 
Chromatolysis, 225 
Chromosomes, 204 
Cilia, 196, 220 
Ciliary muscle, 228 
processes, 228 
Circulation of blood, 219 
Clearing, 196 
Coagulation of blood, 216 
Coagulometer, 216 
Cochlea, 228 
Collagen, 198 
Colon, 212 
Connective tissues, 207 
Cord, umbilical, 206 
Cornea, 228 
Corpus luteum, 205 
Corpuscles, blood, see Blood 
Corti, organ of, 228 
Cox, method of, 225 


Death, 202 
Decalcification, 208 
Decidua, 206 
Degeneration, 202, 227 
Dehydration, 196 
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Dendrites, 225 ° 
Dentine, 210 
Diapedesis, 220 
Differentiation of structure, 203, 207, 
224 
Digestion, 209 
Dilatator pupille, 228 
Dise, optic, 228 
Division of cells, 202 
of Labour, 203, 207, 224 


Ear, internal, 228 
Ectopia vesice, 204 
Effector, 224, 229 
Elastin, 198 
Embedding, methods of, 196 
Embryo, 206, 224 
Enamel, 210 
End-plates, 229 
Endocardium, 218 
Endocrine system, 222 
Endothelium, 218, 219 
Eosin, 198, 200 
Epidymis, 194 
Epithelium, ciliated, 194, 220 
germinal, 205 
Erectile tissue, 205 
Erythroblasts, 218 
Erythrocytes, 193 
Excretion, 221 
Hye, 228 
Eyelids, 228 


Fallopian tube, 205 
Farrant, solution of, 199 
Fat, absorption of, 212 
tests for, 198 
Fertilisation, 204 
Fibrin, formation of, 217 
Fibroblasts, 207 
Fibro-cartilage, yellow or elastic, 207 
white, 207 
Films of blood, 213 
lymphatic glands: 
kidney, 221 
salivary glands, 210 
red marrow, 217 
spermatozoa, 205 
spleen, 218 
Fixation, 195 
Flemming, solution of, 195 
Foetas, 206 
lung of, 221 
Formalin, as a fixative, 195 
Freezing method for sections, 196, 200 
Fuchsin, 198 


Ganglion, cells of, 225 
spinal, 225 
Gas chamber, 194 
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Germ cells, 204 
Giesen, Van, stain of, 198 
Glands, gastric, 211 
hemolymph, 218 
lymph, 218 
mammary, 206, 222 
Meibomian, 222 
pituitary, 223 
salivary, 210 
sebaceous, 222 
serous, 210 
suprarenal, 223 
sweat, 222 
thymus, 223 
Glisson, capsule of, see Liver, 212 
Glomerulus of kidney, 221 
Glycogen, in liver cells, 201 
tests for, 199 
Gold, staining with, 230 
Golgi, method of, 225 
Gonads, 204 
Graafian follicles, 205 


Hemacytometer, 214 

Hemalum, 198 

Hematocrite, 216 

Hematoxylin, 198 

Hemin, 200 

Hemolymph glands, 218 

Hemoglobin, crystals of, 193 
staining of, 200 

Hemoglobinometer, 213 

Hemolysis, 193 

Hardening, 196 

Hayem’s solution, 215 

Heart, contraction of, 218 
muscle of, 209, 218 
valves of, 218 

Henle, loops of, 221 

Humour, aqueous, 193. 
vitreous, 228 

Hyaloid membrane, 228 

Hypertonic solution, 193, 201 

Hypotonie solution, 193, 201 


Injection of blood vessels, 219 
Insulin, 222 
Intestine, large, 212 

small, 211 
Involution, of uterus, 206 
Iodine, 199, 201 
Tris, 228 
Tron, tests for, 199 
Islets of pancreas, 212, 222 
Isotonic solution, 193, 201 


Jelly of Wharton, 206 
Jenner, stain of, 213 


Karyokinesis, 202 
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Keratinisation, 201, 203, 204, 210 
Kidney, 221 : 
Kultschitzky’s hematoxylin, 227 


Langerhans, islets of, 212 
Lens, 228 
Leucoblasts, 218 
Leucocytes, 193, 213 
Leydig, cells of, 205 
Lipoids, 199 
Liver, blood vessels of, 212 

cells of, 201 

ducts of, 212 

fat in, 201 

glycogen in, 201 

iron in, 218 
Lung, adult, 220 

foetal, 221 

frog’s, 219 

injected, 219, 221 
Lymph, corpuscles, 218 

glands, 218 
Lymphatic glands, 218 
Lymphatics, perivascular, 219 
Lymphocytes, 212 


Malpighian bodies, 221 
corpuscles, 218 
Mammary glands, 206, 222 
Marchi, fluid of, 227 
method of, 227 
Marrow, red, 217 
Meibomian gland, 222 
Membrane, basilar, 228 
hyaloid, 228 
Menopause, 206 
Menstruation, 205, 206 
Mesentery, 219 
Methylene blue, 198, 225, 230 
Method of, Best, 199 
Cajal, 226 
clearing, 196 
Cox, 225 
dehydration, 196 
embedding, 196 
fixation, 195 
Golgi, 225 
hardening, 196 
Marchi. 227 
Nissl, 225 
staining, 197, 225 
Weigert, 227 
Wolters-Kultschitzky, 227 
Microtome, 196, 197 
Migration of colourless blood cor: 
puscles, 220 
Mitosis, 202, 204 
Moist chamber, 194 
Mounting fluid, Apathy’s, 199 
Farrant’s, 199 
Mucin, 198, 203, 210 
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Mucinogen, 210 
Miiller, fluid of, 195, 227 
Muscle, cardiac, 209, 218 
contraction of, 208 
development of, 208 
end-plates of, 229 
involuntary or plain, 209 
red and white, of rabbit, 209 
skeletal, 208 
spindles, 228 
visceral, 209 
voluntary or cross-striated, 208 
Muscularis mucose, 212 
Myelin, 227 
Myelination of nerve fibres, 227 
Myocardium, 218 
Myohzmatin, 209 


Nerve, 226 
degeneration of, 227 
medullated, 226 
non-medullated, 227 
optic, 228 
Nerve fibres, 226 
axon of, 226 
degeneration of, 227 
medullated, 226 
non-medullated, 227 
Neuroblasts, 207, 224 
Neurolemma, 227, 228 
Neuro-muscular system, 224 
Neuron, 224 
Nile blue, 199 
Nissl, granules or spindles of, 225 
method, of, 225 
Nose, 220 


(Esophagus, 211, 

Céstrus, 205 

Olfactory mucous membrane, 228 
Optic nerve, 228 

Orcein, 198, 218, 221 

Organism as physiological unit, 203 
Osmium tetroxide as a fixative, 195 
Ossification, 208 

Osteoblasts, 207 

Ovary, 204, 222 

Oxyntic cells, 211 


Pancreas, 212, 222 
Papille of skin, 228 
of tongue, 210 
Paraffin method of embedding, 196, 

200 
Parathyroid, 223 
Penis, 205 
Peptic cells, 211 
Pericardium, 218 
Phagocytosis, 194 
Pharynx, 220 
Picric acid, 198 
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Pigment cells, 202, 219 

Pituitary gland, 223 

Placenta, 206 

Plasma of blood, 216 

Pleura, 221 

Plexus, myenteric, 212 

Portal canal, 212 

Post-mortem changes in cells, 195 

Pregnancy, 205, 206 

Preserving solutions, 195 

Prostate, 205 

Puberty, 205 

Purkinje, cells of, 218 
images, 228 


Ranvier, nodes of, 226 
Receptor, 224, 228 
Reflex are, 224 
Reproduction, 202, 204 
Resorcin-fuchsin, 198 
Respiration, 220 
Retina, 228 

Ringer’s solution, 193 


Salivary glands, 210 

Salt solution, isotonic, 193, 201 
hypertonic, 193, 201 
hypotonic, 193, 201 

Saponin, 194 

Sarcolemma, 208 

Sarcostyles, 209 

Scarlet R., 199 

Sea-urchins, 204 

Sebaceous glands, 222 

Sections, preparation of, 194-197, 200 

Semicircular canals, 229 

Sertoh, cells of, 205 

Sight, 228 

Silver, methods of staining with, 219, 
226 

Sinusoids, 218 

Skin, 223, 228 

Spermatogonia, 205 

Spermatozoa, 194, 205 

Sphincter, pyloric, 211 
pupille, 228 

Spinal cord, 229 
ganglion, 225, 229 
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Spleen, 218 

Staining of tissues, 197 

Stains, acid, 198 
basic, 198 

Stasis, 220 

Stomach, 211 

Sudan IIT, 199 

Suprarenal glands, 223 

Swallowing, 211 

Sweat glands, 222 

Synapse, 224 


Taste buds, 210, 228 
Testis, 205 

Thionin blue, 198 
Thymus, 223 
Thyroid gland, 222 
Tissues, 207 
Toluidin blue, 198 
Tongue, 210 

Tonsil, 211 

Tooth, 210 

Trachea, 220 

Tracts of nerve fibres, 229 


Umbilical cord, 206 
Ureter, 222 
Urethra, 222 
Uterus, 205, 206 


Veins, 219 
Vermiform appendix, 212 
Vessels, blood, 218 
Villi, chorionic, 206 
of small intestine, 212 


Wallerian degeneration of nerve, 227 
Warm stage, 194, 205 

Weigert, method of, 227 

Wharton, jelly of, 206 
Wolters-Kultschitzky, method of, 227 


Xylol, 196 
Yeast, 194 


Zymin, 210 
Zymogen, 202, 210 
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Acetoacetic acid, 321 
estimation of, 338 
Acetone, 321 
estimation of, 338 
Acid-hematin, 294 
Acidity of urine, 306 
Acrolein, 266 
Albumin, 242 
Albuminuria, 313 
Aldoses, 248 
Alkaline hematin, 294 
Amino acids, 237 
estimation of, 331 
preparation of, 352 
Ammonia, 306 
estimation of, 306, 330 
Ash, estimation of, 346 


Bacterial action, 282 
Bile, 279 
pigments in urine, 317 
pigments of, 280 
preparation of salts, 355 
salts of, 280 
Blood, 283, 356 
' clotting of, 283 
estimation of coagulation time, 356 
of cholesterol, 362 
of creatinine, 359 
of fat, 363 
of nitrogen in, 357 
of sugar 360 
of urea, 358 
of uric acid, 360 
in faeces, 348 
in urine, 317 
oxygen content, 289 
plasma, 286 
salts, 286 
serum, 285 
serum, bilerubin in, 363 
tests, 289 


Calcium, estimation of, 336, 347 
Cane sugar, 259 


Carbohydrate, 248 
estimation of, 319, 337, 347 
fermentation of, 254 
reduction tests for, 250 
rotation of, 255 

Carbon, elementary analysis, 235 

Carbonates, 313 

Carboxyhemoglobin, 292 

Casts, 316 

Cephalin, 268 

Cerebrosides, 267 

Chlorides, 307 
estimation of, 307, 332 

Cholesterol, 268 
estimation of, 362, 370 
preparation of, 268 

Chromo-proteins, 245 

Collagen, 243 

Colostrum, 374 

Conjugated proteins, 245 

Creatine, 330, 365 

Creatinine, 305 
estimation of, in urine, 306, 328 

in blood, 359 

Cystine, 311, 354 


Deposits in urine, 309 
Dextrine, 263 
Dextrose, 258 
Diacetyl test, 365 
Diastase, 278, 349 


Egg, 376 

Einhorn tube, 274 
Elastin, 244 
Erepsin, 355 
Erythrocytes, 286 


Feeces, 345 
estimation of calcium,of, 347 
of carbohydrate of, 347 
of fat of, 346 
of nitrogen of, 346 
of water content and ash of, 346 
tests for blood in, 348 
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Fat, 263, 342, 346, 363 
emulsification of, 267 
estimation of, 342, 346 
saponification of, 265 
values of, 343 
Fatty acids, 265 
separation of, 342 
Ferments, estimation of diastase, 349 
of erepsin, 355 
of pepsin, 350 
Fibrin ferment, 284, 356 
Flour, 375 
estimation of carbohydrate, 376 
of nitrogen, 375 
of water content and ash, of, 375 
nature of proteins, 375 


Galactose, 259 

Gastric juice, 271, 276 
estimation of acidity of, 275 
nature of acidity of, 272 

Gelatin, 244 

Gliadin, 242 

Globulin, 242 

Gluco-protein, 245 

Glucosamine, 371 

Glutelin, 242 

Glycerol, 266 

Glycocholie acid, 356 

Glycogen, 262, 369 

Glycuronic acid, 322 


Hematin, 287 
acid, 294 
alkaline, 294 
Hematoporphyrin, 294, 341 
Hematuria, 317 
Hemin, 288 
Hemochromogen, 294 
Hemoglobin, 287, 290 
crystallisation of, 287 
Hemoglobinuria, 317 
Haldane-Douglas method, metabol- 
ism, 377 
Halogens, elementary analysis of, 235 
Hippurie acid, 305, 311 
Histones, 242 
Homogentisic acid, 322 
Hydrogen, elementary analysis of, 235 
Hydrogen ion concentration, 389 
Hypoxanthine, 303, 367 


Indican, 298 
Indicators, 390 
Indol, 282 


Keratin, 244 
Ketoses, 250 


Lactic acid, 273, 367 
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Lactic acid, estimation of, 340 
Lactose, 260, 317, 373 
Levulose, 259 

Lecithin, 268 

Leucine, 278, 311, 353 
Leucocytes, 286 

Lipase, 278 

Lipoid, 267, 376 


Magnesium, estimation of, 336 
Maltose, 260 
Melting point, 253 
Metabolism, 308, 371, 377 
basal or standard, 377 
Metaprotein, 247, 276, 278 
Methwmoglobin, 292, 321 
Milk, 371 
estimation of ash of, 375 
of fat of, 375 
of lactose of, 375 
of protein of, 374 
of water content of, 374 
fat of, 373 
proteins of, 373 
sugar of, 373 
Mucin, 245 
Mucus, 316 
Muscle, 364 


Nitric oxide hemoglobin, 293 
Nitrogen, elementary analysis of, 234 
estimation of total, in blood, 356 

in blood non-protein nitrogen ,357 
in faeces, 346 
in urine, 323 
total, 298 
Nucleo-protein, 246, 368 


Osazones, 251 

Oxalates, 309 

Oxybutyric acid (beta), 321, 338 
Oxyhemoglobin, 290 


Pancreatic digestion, 277 
Pentose, 263, 368 
Pepsin, 276, 350 
Pepsinogen, 276, 350 
Peptone, 247 
Phenol, 282 

estimation of, 337 
Phosphates, 307, 312 

estimation of inorganic, 332 ~ 

of total, 333 
Phosphatides, 267 
Phosphoprotein, 243 
Phosphorus, elementary analysis of, 
235 

estimation of, 333 
Pigments, bile, 280 

urinary, 297 
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Plant proteins, 242 Urea, preparation of, 324 
Plasma, 286 Uric acid, 303, 309 
Polarisation, 255 estimation of, in blood, 360 
Potassium, estimation of, 334 in urine, 326 
Prolamines, 242 Urine, 295 
Protamines, 242 acetone bodies, 321, 338 
Proteins, 236 ammonia, 306 
classification of, 237 estimation of, 306, 330 
colour reactions of, 239 bile, 317 
constitution of, 237 blood, 317 
estimation of, in milk, 374, 375 casts, 316 
in urine, 315 chlorides, 307 
physical properties of, 238 estimation of, 307, 332 
precipitation of, 240 colour, 297 
presence in urine, 313 creatinine, 305 
Proteose, 247, 276, 278, 315 estimation of, 306, 328 
Ptyalin, 271 deposits, 309 
Pulses, 376 estimation of acidity, 306 
Purines, 302 glycuronic acid, 322 
estimation of, 328 hippuric acid, 305, 311 
Pus, 316 homogentisic acid, 322 
phosphates, 307, 312 
Reaction of tissue fluids, 389 estimation of, 308, 332 
of urine, 296 pigments, 297 
Rennin, 276 protein, 313, 315 
proteose, 315 
Saliva, 270 purines, 302 
Sarcolactic acid, 367 estimation of, 328 
Scatol, 282 pus, 316 
Sclero-protein, 243 quantity, 295 
Sodium, estimation of, 334 reaction, 296 
Spectroscope, 289 specific gravity, 296 
Sphingomyelin, 268 sugar, 317 
Starch, 261 estimation of, 319, 337 
Sucrose, 259 sulphates, 308 
Sulphates, 308 estimation of, 333 
estimation of inorganic, 333 total nitrogen, 298 
of total, 333 estimation of, 323 
Sulphur, elementary analysis of, 235 urea, 299 
estimation of, 334 estimation of, 300, 324 
Sugar in urine, 317 uric acid, 303 
estimation of sugar in blood, 360 estimation of, 326 
in urine, 319, 337 Urobilin, 297 
preparation of, 340 
Taurin, 356 Urochrome, 297 
Trypsin, 277 estimation of, 340 
Tryptophan, 282, 353 Uroerythrin, 297, 341 


Tyrosine, 278, 311, 352 
Van der Bergh test, 368 

Urea, 299 
estimation of, in blood, 368 
in urine, 300, 324 Xanthine, 303, 367 


Water content, estimation of, 346 
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